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HOW LITTLE IVAN GOES TO SCHOOL- 
AND BIG IVAN TO COLLEGE 


C. J. LAPP 


Deputy Director, Office of Scientific Personnel 


National Academy of Sciences 


National Research Council, Washington 25, D. C. 


Adapted from a paper presented at the 70th Annual Convention 
of the American Association of Land Grant Colleges and State Universities, 
Washington, D. C., November 15, 1956. Printed by permission. 


Part I. Primary and Secondary Education 


My neighbor Johnny Johnson starts 
to school when he is five years old, 
but his counterpart, little Ivan Ivano- 
vitch who lives near Moscow, starts 
to school when he is seven years old. 
So do all the other children in the 
U.S.S.R. Johnny will develop his ele- 
mentary and secondary education in 
12 years, probably divided 6—3—3, 
and will very likely finish senior high 
school when he is 17 years old. Ivan 
will develop his elementary and sec- 
ondary education in a system divided 
4—3—3, ten years in all. His school 
will be free, coeducational, and com- 
pulsory through the seventh grade. 
He also will graduate when he is 17. 

During this period his school will 
offer as much training as he can ab- 
sorb. He goes to school six days a 
week, receives instruction thirty-three 
weeks a year, and is expected to do 
plenty of homework, which is pre- 
scribed as 1.5 hours a day in the 
second grade increasing to 3.5 hours 
a day in the seventh grade. His load 
is so heavy that the Soviet Govern- 
ment recently thought it necessary to 
decree that his teachers must not as- 
sign homework to be done on Sunday. 


Elementary Grades 


For the first four years he will wear 
a uniform, furnished by his parents, 
which will make him look exactly like 
all the other Ivans and will help him 
get the idea that education is a mass 
job controlled by the State and that 
he cannot expect much preferential 
treatment. In grades 1-4 inclusive, 
he will study Reading, Writing, Arith- 
metic, and Social Science as part of 
a curriculum designed and supervised 
closely by the State. The morning 
Ivan goes to class and is instructed in 
the art of long division, he gets as 
much comfort as possible from his 
sure knowledge that at the same hour 
on this same day of the week all the 
other Ivans in Russia in his grade will 
be studying long division. 

For each of the first three grades, 


» his teachers decide if he may go on 


to the next grade. At the end of his 
primary education in the fourth 
grade, however, he must pass an ex- 
amination conducted and supervised 
by the State. There probably will be 
three examiners, one of whom will be 
his teacher, conducting both written 
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and oral tests for all the students in 
his class. 

These examinations cover the whole 
years work, and will be divided into 
about 50 parts. For the oral examina- 
tion Ivan, along with the other chil- 
dren, will draw a card from a deck. 
Written on his card will be 2 or 3 
questions which may relate to any 
part of the year’s work. Ivan will 
have 30 minutes to develop the an- 
swers which he will give orally before 
his fellow students and the examiner. 


Intermediate Grades 

When Ivan enters the intermediate 
grades (5-7 inclusive), he must 
choose a foreign language, the study 
of which he will continue for six 
years. Here he will have some choice; 
this is the only elective he will have 
among all the subjects in his second- 
ary education. English, the language 
of science, is probably the most pop- 
ular. Homer and Norton Dodge, who 
in 1955 spent several weeks studying 
higher education in the Soviet Union, 
reported no difficulty in finding Rus- 
sian students who could speak fluent 
and accurate English. 

Now well grounded in reading and 
writing, Ivan will begin in earnest 
his solid educational program of back- 
ground subjects. Besides a foreign 
language, beginning with the 5th 
grade he will also start the study of 
history, from ancient history to the 
history of Russia and the peoples of 
the U.S.S.R. in grades 9 and 10. An 
introduction to physical geography 
starts in grade 5 and continues to 
world economic geography in grade 10. 

Biological sciences start as a survey 
of nature in grade 4 and continue 
through botany, zoology, human anat- 
omy and physiology, principles of 
Darwinian theory and soviet genetics 
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in grade 9. Physics starts in the 6th 
grade, chemistry in the 7th grade; 
mathematics is studied from the first 
day he enters school until he gradu- 
ates. His study of algebra will start 
in the middle of the 5th grade. Be- 
fore he finishes the 10th grade he will 
have studied plane and solid geom- 
etry, and trigonometry, with special 
emphasis on its applications to physics 
and engineering. 

When Ivan is ready to appear be- 
fore the examining board at the end 
of the 10th grade, among other things 
he has had are 6 years of history, 6 
years of a foreign language, 5 years of 
physical and economic geography, 10 
years of mathematics, including trig- 
onometry, 5 years of natural science 
and biology, 4 years of chemistry, 5 
years of physics, and 1 of astronomy. 

From grades 5 to 10 inclusive, 47% 
of his instruction has been in science. 
Further, in a paper read before the 
UNESCO Institute for Education in 
Hamburg in late October of 1956, A. 
Shibanov, Head of the Department 
for Polytechnic Education in the In- 
stitute for Teaching Methods in the 
Pedagogic Academy, stated that the 
science content of the curriculum for 
the 8th, 9th, and 10th grades was be- 
ing revised upward 15%. 

Besides the basic work outlined 
above, Ivan also has had some extra- 
curricular duties, required but not con- 
sidered part of his basic course: sing- 
ing, the absolute minimum of which 
is to learn by heart the hymn of the 
U.S.S.R.; drawing and introduction to 
technical drafting; physical culture 
and sports; military training in target 
practice, map reading, tactics, anti- 
aircraft, and antichemical defense. 
In this extracurricular work grades 
are given but do not count toward 
graduation. 
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In his primary and secondary edu- 
cation, Ivan has had approximately 
10,000 class hours of instruction. In 
Russia an instructional hour is 45 min- 
utes. Putting this in terms of our 
own system and counting 25 class 
hours of instruction per week, Johnny 
Johnson also receives about 10,000 
class hours of instruction by the time 
he graduates from high school. Dur- 
ing his first ten years of education 
Ivan’s average student-teacher ratio 
as of 1950 was 23. 

This ratio has been steadily de- 
creasing and as of 1955 is probably 
less than 20. During his ten school 
years in the grades, Ivan’s report card 
carried the numbers one to five. 
These numbers were of great concern 
to Ivan’s parents because they knew 
from long and bitter experience that 
education offers the main avenue for 
advancement to those who do not be- 
long to the tiny minority holding 
party membership. 

Ivan hoped the numbers would be 
4’s or 5's, for if he could maintain 
grades mostly of 5’s he could graduate 
as a medalist. This means that he 
will have a better chance of passing 
the rigorous entrance examinations 
when it is time for him to go to col- 
lege. A grade of one meant failure, 
while 2’s and 3’s meant that he might 
not be permitted to pass his grade. 
There always was summer school to 
which he could go to review his work 
and try another examination just be- 
fore the beginning of the new school 
year. If he failed the second time he 
had to repeat the whole year’s work. 


Advanced Grades 


Between the 7th and 8th grades is 
the first major break in the Russian 
school system, a break corresponding 
to ours between the 8th grade and 





Vol. 47—No. 8 


high school. At the end of the 7th 
grade, Ivan’s examinations are search- 
ing, for this is the terminal point for 
the low 10% —in our vernacular those 
whose IQ is 80 or less. After all, the 
educational system in the U.S.S.R. is 
set up to give the training a student 
can profitably use. 

At this point all of the very best 
students are encouraged to stay in 
school, but some of the others will 
have an opportunity to leave the 
grade-school system and enter a tech- 
nicum—a special type of middle-pro- 
fessional educational institution in 
Russia for which we have no counter- 
part. This will be described later. 


Secondary School 


In the Soviet equivalent to our high 
school—their grades 8, 9, 10—the stu- 
dent plays for keeps and the mortality 
is high. The prize to be won is the 
opportunity of going to college. Since 
the low 10% of the students have all 
been removed, the tempo of the pro- 
gram can be increased. All students 
through all three of these years study 
a foreign language, history, physics, 
chemistry, mathematics, in addition 
to several other subjects of one or two 
years in length. It is perhaps worth 
noting that syllabi and text books 
used in the last two grades (9 and 10) 
of the Soviet secondary school in such 
subjects as physics and chemistry 
compare favorably with our college 
introductory or freshman courses in 
these subjects. In addition to curric- 
ular instruction, the pupil's interest in 
science is further stimulated by all 
sorts of exracurricular activities, such 
as science clubs, hobby shops, and so 
on. All this makes for very early and 
intense exposure to science, which in 
turn creates very favorable conditions 
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for the future selection of higher edu- 
cation candidates in engineering and 
science fields. 

In the United States, according to 
Dael Wolfle, Director of the Commis- 
sion on Human Resources and Ad- 
vanced Training in his report, Amer- 
ica’s Resources of Specialized Talent, 
Harper and Brothers, 1954, roughly 
80% of our students enter high school 
and 60% graduate. In the U.S.S.R. 
about 80% enter the upper secondary 
school, but fewer than one-fourth of 
those who entered 10 years earlier 
succeed in passing the stiff state ex- 
amination after the 10th grade. 

If Ivan is really both bright and 
lucky and has studied hard enough to 


Part Il. Colleges and Universities 


There are 760 institutions of higher 
education in the U.S.S.R. that we 
would call colleges or universities, not 
counting any of the  technicums. 
Thirty-three of these are full-fledged 
universities. In addition, there are 
220 specialized institutes giving ad- 
vanced-degree training. 

The leading institution in Russia is 
the University of Moscow, which is 
housed on a new campus, in a huge 
recently finished building with a 33- 
story tower; next to the Kremlin, this 
is the most impressive structure in the 
city. Senator Wm. Benton reports the 
Russians spent three billion rubles on 
the new campus, “more than has been 
spent on any but a handful of Amer- 
ican universities.” Unlike our larger 
universities that may be fragmented 
into a dozen or more colleges, divi- 
sions and institutions, Soviet higher 
education is everywhere divided into 
five branches: 
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641 
receive straight A’s (that is, “S’s”) in 
all subjects, he will receive a gold 
medal. To do this he must stand in 
the upper 1% of those who graduate. 
If he has no more than three grades 
of B (4's), he will get a silver medal. 

Many finish the three last years but 
fail the final examination. These stu- 
dents are given certificates in which 
they take great pride. The rest of the 
group is dropped at the end of the 
8th or 9th year, though some of these 
find their way into technicums. 

In 1956 there were about 28,000,000 
students in the first 10 grades; 1,100,- 
000 graduated. This indicates that 
the number attending grade school in 
the lower grades is increasing rapidly. 


— 


Engineering-Industrial 
Agricultural 
Socioeconomical 
Education 


Health 


wo 


wy) 


te 


These five branches are in turn di- 
vided into a total of 24 fields, in turn 
subdivided into about 300 specialties. 
Not all of the collegiate institutions 
have all five branches, but whatever 
branches an institution has will be di- 
vided into the same fields and special- 
ties as for other institutions. 

To illustrate this, the Engineering- 
Industrial branch, as of 1953-54, was 
divided into 16 fields, as follows: 


Geology and mining exploration 

Exploitation of mineral deposits 

Heat and electrical power 

Metallurgy 

Electrical and electronic design and 
manufacturing 

Chemical Engineering 
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Machine building 

Food technology 

Wood processing 

Light industry 

Printing 

Geodesy and cartography 
Meteorology and hydrology 
Civil Engineering 
Transportation 
Communications 


With some minor exception in fields 
like Soviet Law, which is a four-year 
course, Soviet universities offer a five- 
year course with a major in science, 
based on 5200 to 5400 instruction 
hours of 45 minutes each. In gen- 
eral, such majors (as of 1952) have 
a time allocation of about 6% for 
political and social science, 27% for 
general science, and 67% for special 
field science. Although minor adjust- 
ments are frequently made, this ar- 
rangement has been relatively stable 
since 1938. 

Political and social science subjects 
consist primarily of indoctrination in 
the present official version of Marx- 
ism; general science subjects include 
foreign languages, general physics, 
analytical geometry and calculus, biol- 
ogy, general inorganic chemistry, geol- 
ogy, theoretical and applied mechan- 
ics. The subjects in the first two 
groups are usually taken in the first 
two or 21% years. Special field in- 
struction occupies most of the last 
three years. 

Let us specifically consider chem- 
istry at the University of Moscow. 
Here Ivan as a chemistry major will 
receive about 2700 hours of instruc- 
tion in chemistry alone. Two-thirds 
of this will be in basic inorganic, or- 
ganic, analytical, and physical chem- 
istry. In this basic work he will have 
on the average one hour of class work 
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for each three hours of laboratory, 
In the one-third time spent on special- 
ized courses, the ratio of class work 
to laboratory is smaller. In evaluat- 
ing Ivan’s training in college chem- 
istry, it must be recalled that he had 
four years of chemistry before he 
came to college. Nicholas DeWitt 
of the Russian Research Center, 
Harvard University, states: 


“If one compares the training of Soviet 
chemists with our own, one fact is im- 
mediately obvious. As far as instruction 
time is concerned, the Soviet university 
chemistry major spends at least one-third 
more time on chemistry subjects than 
our own chemistry major in a college 
with a good department of chemistry. 
At most, our college chemistry majors 
during four years of study take 10 full 
courses in chemistry with a probable 
maximum of some 2,100 _ instruction 
hours. As far as the range of subjects 
goes, there is no radical difference be- 
tween those which may be, but often 
are not, elected by our own chemistry 
majors and those which are required of 
the Soviet student.” ... 

“Even when we are admittedly opti- 
mistic concerning the scope and quality 
of our own training of undergraduate 
chemists, we are faced with the probabil- 
ity that Soviet training is not only com- 
parable, but somewhat more extensive 
than our own, although as far as the 
teaching of certain selected topics is con- 
cerned there are undoubtedly various 
reservations. The sheer size of the work- 
load, as well as the process of enforcing 
certain standards in grading and the 
number of examinations and tests, exer, 
cises considerably greater pressure on 
the Soviet university student majoring 
in science than it would upon our own 
college student. Furthermore, aside 


from the requirement to learn chemistry 
subjects proper, the Soviet student is 
required to learn more about other sci- 
ences, such as analytical geometry and 
calculus, physics, thermodynamics, me- 
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Moscow University Central Building. 
modern terms the traditional Russian architecture, the structure is typical of the 


provision which the U.S.S.R. is currently making for higher education. 


World Photo. ) 


chanics, strength of materials, etc., all of 
which are a part of his curriculum... . 
Our chemistry majors do not venture ex- 
tensively into these subjects except at the 
expense of chemistry courses. This may 
perhaps be considered an additional ele- 
ment of strength in the Soviet training 
program.” 


DeWitt continues, saying: 


“Soviet university training culminates in 
state-accrediting oral examinations con- 
ducted before a public audience, and 
given by a special committee of several 
professors set up for this purpose. The 
examinations cover the entire course of 
study in the field of the student’s spe- 
cialty . . . This procedure of requiring 
final examinations in public of all gradu- 
ates who cover the entire program of 
study is unknown in our educational 


A thirty-three story skyscraper adapting in 


(Wide 


practice as concerns ordinary college 
degrees.” } 


The training of chemists analyzed 
briefly above suggests that the Soviet 
university chemistry major has train- 
ing probably comparable to, or—with 
some reservations—somewhat more ex- 
tensive than, our chemistry B.S. de- 
gree holder. The Soviet university- 
trained chemist from the larger uni- 
versities such as Moscow, Leningrad, 
and Kiev is probably as well-trained 
as our master of science. 

Engineering education in Russia 
follows, in general, the same organ- 
izational pattern as in science, except 

1 Nicholas DeWitt, Soviet Professional 
Manpower (Washington, D. C.: National 
Science Foundation, 1955), pp. 111-113, 
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that most science majors come from 
the universities while most engineers 
graduate from specialized institutes. 
The course is five and one-half years, 
during which time the student re- 
ceives some 5200 to 5500 instruction 
hours of 45 minutes each in 35 to 40 
individual subjects. This compares 
favorably with the 3700 to 4000 in- 
struction hours and 22 to 25 subjects 
which is normal in U. S. practice. 
Each engineer has political indoc- 
trination, physical training, and mili- 
tary instruction for about 15% of his 
total course work. The rest of the 
curriculum is in general about equally 
divided in three parts: (1) broad 
training in science, (2) general non- 
specialized engineering, and (3) nar- 
rowly specialized engineering. The 
distribution of engineering students 
among the various branches is quite 
different from the distribution in the 
U. S., where electrical engineering 
constitutes the major group. In the 
Soviet Union mechanical engineers 
form the largest group. 


Mechanical Engineering 


Specifically, the mechanical engi- 
neering curriculum (based on the 
1946 course of study, the latest com- 
plete one available for analysis) cov- 
ers five years with 5054 instructional 
hours divided about 50-50 between 
lectures and laboratory practice. The 
general science background covers 
foreign language, mathematics, phys- 
ics, chemistry, descriptive geometry, 
drawing, and theoretical mechanics. 
The engineering background consists 
of physical metallurgy, strength of ma- 
terials, theory of machines and mech- 
anisms, machine components, metal- 
lography, nomography, electrical en- 
gineering, fluid mechanics, tolerances 
and measurements, thermodynamics 
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and heat-power engineering, and 
study-practice. 

In the specialized engineering, Ivan 
studies lifting machines, machine 
tools (general), kinematics of ma- 
chine tools, design and calculation of 
machine tools, technology of metal 
cutting, cutting tools, technology of 
machine building, welding, machine 
foundings, drives, cold stamping, 
structures and their design, machine- 
shop layout, electric equipment, auto- 
matic machine tools, heat treatment 
(tempering ), organization of produc- 
tion, cost accounting and norms, and 
fire prevention and safety. A study 
of a recent Soviet engineering cur- 
riculum found in Engineering, Feb- 
ruary 10, 1956, a British publication, 
indicates that in the past ten years 
the curriculum has not been changed 
significantly. 

Says DeWitt, (Ibid., p. 121): 


“If, for example, Soviet mechanical en- 
gineering training with narrow special- 
ization in machine tools is compared with 
the Massachusetts Institute of Technol- 
ogy’s bachelor of science degree in me- 
chanical engineering training with a 
broad specialization in materials and ma- 
terial processing, it is found that Soviet 
institutes require about twice as many 
subjects and over 2,000 more hours of 
instruction time. In general, the scien- 
tific and engineering subjects taught at 
MIT are included in Soviet curricula. 
Most of these subjects cover nonspecial- 
ized engineering. Thus, broadly speak- 
ing, the range of general subjects in the 
two programs is quite comparable.” 


The American student of mechan- 
ical engineering probably spends more 
time studying general chemistry and 
physics than Ivan, probably mainly 
due to the fact that when Ivan en- 
tered college he had already studied 
4 years of chemistry and 5 years of 
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physics. Judging from Soviet text- 

books, there is no outstanding differ- 

ence in material covered, although 

perhaps there is more extensive use of 

calculus in physics in the Soviet case. 
Again, according to DeWitt, 


“In higher mathematics the portion of 
the curriculum in mechanical engineer- 
ing is substantially greater in the Soviet 
program (United States, 180; U.S.S.R., 
340), perhaps covers the same ground 
as the American program. By the end 
of the second year, the Soviet student is 
expected to know analytical geometry, 
calculus, differential equations, elements 
of the theory of complex variables, and 
the fundamentals of vector analysis. 
Theoretical mechanics covers about the 
same ground in both programs, but 
again the time input is greater in Soviet 
training (United States, 135; U.S.S.R., 
204). In theoretical and technical me- 
chanics, the Soviet programs of instruc- 
tion place greater emphasis upon graphic 
solutions than upon advanced mathemat- 
ical statistics or operational calculus.” 


As in the United States, there is 
undoubtedly variation in the quality 
of engineering training in the Soviet 
Union. It is an axiom that the quality 
of training in any curriculum is de- 
pendent on factors such as the quality 
of the teaching staffs, training facil- 
ities and equipment, ability of stu- 
dents, and the process of selection. 
It should be noted in summary that 
the teaching staffs, as well as the 
equipment and facilities of Soviet en- 
gineering training establishments, are 
usually better than in other fields of 
Soviet professional education. 


“The reason for this is that priorities 
are given to engineering establishments 
over other fields of study. As a rule, 
higher priorities are given to institutions 
training engineers for key industries, 
those directly related to armament pro- 
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duction. Thus, institutes training avia- 
tion engineers, communication and elec- 
tronics engineers, specialists in certain 
fields of mechanical, chemical, and civil 
engineering have not only more rigorous 
training programs, but also enjoy better 
student-teacher ratios, better facilities 
and equipment, and have better oppor- 
tunities for selecting candidates. These 
inter-institutional differences account for 
the fact that there are some engineers 
with excellent training and some with in- 
ferior training. However, in spite of 
these variations, Soviet engineering train- 
ing programs are in general substantially 
sound and are probably not inferior to 
our undergraduate engineering training.” 


Each engineer culminates his train- 
ing with a diploma project which 
takes his full time from 4 to 6 months. 
During this time he does not take any 
courses. 


“In most cases, the diploma project 
serves as a test of the student’s ability 
to perform engineering calculations, to 
execute charts and technical drawings, 
and to apply existing norms and specifi- 
cations, designed primarily for produc- 
tion engineers. Generally speaking, the 
Soviet engineering thesis, though con- 
sisting of engineering design and com- 
putations, is based primarily upon the 
use of already existing components, 
norms, and specifications. It therefore 
fits into one of the basic aims of Soviet 
engineering education, which is to train 
production engineers.” (Ibid., p. 125) 


Narrow Specialization 


One of the outstanding character- 
istics of Soviet engineering education 
is its intense training in narrow fields 
of specilization. One may view the 
excessive stress placed on narrow 
technological specialization as a hin- 
drance to the development of creative 
scientific knowledge. On the whole, 
however, the development of Soviet 








industry in the past 25 years has been 
based primarily not on original dis- 
coveries made within the Soviet Un- 
ion but largely on discoveries, mod- 
ifications, and adaptations, with oc- 
casional improvements upon models, 
types, and practices developed in so- 
cial systems outside the Soviet Union 
by more advanced industrial technol- 
ogies. Current Soviet Union engi- 
neering education seems well adapted 
to meet the needs of their present 
industrial development. 

Since 1954 the Soviets have been con- 
tinually introducing limited changes 
into their engineering programs which 
tend to reduce the narrow technolog- 
ical specialization and give more the- 
oretical and experimental scientific 
and engineering courses. 

One may wonder how Soviet higher 
education succeeds in giving more 
than 1000 instructional hours per 
year. Recently the government de- 
creed that not more than 36 instruc- 
tional hours might be given per week. 
About half of these require prepara- 
tion of 2 to 3 hours each. Thus the 
work load of a science or engineering 
student is probably from 70 to 90 
hours per week. It is a well-estab- 
lished tradition in Russian education 
to place a heavy burden on the stu- 
dent at every educational level. This 
burden is readily accepted because 


Part Ill. 


Last May I had the privilege of 
addressing a group of engineers and 
scientists from one of the large mili- 
tary laboratories near Washington. 
In the discussion period afterward the 
most persistent question was, “How 
can we get some good competent as- 
sistants—some intelligent people who 
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both Ivan and his parents know that 
education offers the one practical 
avenue for advancement. 

At the end of each university se- 
mester, Ivan must stand stiff examina- 
tions, written or oral or both. The ex- 
aminations are extensive in scope and 
the consequences for failure are harsh. 
By government decree he presently 
need not stand for more than 10 per 
year. If Ivan flunks a course he is 
put on probation which must be 
promptly removed. The process is 
rigorous, but it serves to select and 
motivate the able students and to en- 
force academic standards. 

Before leaving the subject, it should 
be stated that when Ivan applies for 
entrance to a Soviet institution of 
higher education, he specifically iden- 
tifies the area in which he proposes to 
specialize. This decision stands. On 
it Ivans sinks or swims. The Soviets 
have demonstrated no tolerance for 
students who would waste precious 
classroom space and teaching time by 
not being able to decide accurately 
and permanently what they wish to 
do. Under these conditions, out of 
100 students who enter higher educa- 
tion, only about 60 succeed in gradu- 
ating. In 1956 the colleges and uni- 
versities in the U.S.S.R. graduated 
250,000 survivors. Of this number, 
71,000 were engineers. 


Technicums—Semi-Professional Schools 


can help us and thus free our time so 
that it can be used at our higher levels 
of training?” 

This problem has also plagued the 
Russians, except that they have done 
something about it by establishing 
Middle-Grade or Semi-Professional 
schools, called “Technicums,” which 
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have no exact analog in our educa- 
tional system. The Russians have 
about 3500 of these with a present en- 
rollment (1956-1957 ) of about 1,900,- 
000. These schools are operated, 
financed, and maintained by the vari- 
ous ministries in charge of the in- 
dividual branches of the Soviet econ- 
omy, but the curricula, text books, 
and instructional methods are con- 
trolled by the Ministry of Higher 
Education. 

The Technicums are a kind of 
three-way cross between our “tech- 
nical institutes,” “trade schools,” and 
our “on-the-job training programs.” 
They hold a place of major impor- 
tance in the Soviet program of higher 
education. These schools offer train- 
ing in more than 1000 specialties that 
serve every phase of the Soviet society. 

Students who have graduated from 
the 7th grade may apply for entrance 
into a technicum. If at least 75% of 
all Ivan’s secondary grades are 5's 
and the remaining ones are all 4s, 
Ivan may enter without examination; 
otherwise, he must pass entrance ex- 
aminations in three subjects. If Ivan 
enters from the 7th grade, as some 
200,000 Ivans did in 1956, his course 
is sure to be four years in length. 

There are still a few engineering 
technicums that can be entered from 
the 7th grade; however, they are rap- 
idly being abandoned. Hence, if 
Ivan wishes to enter an engineering 
technicum, he should plan to finish all 
10 of the secondary school grades, 
from which certain curricula require 
less than four years. 

Let us specifically examine the cur- 
riculum in mining engineering at a 
Soviet technicum. It is four years in 
length with 6100 instruction hours, 
27% of which are class work, 15% 
laboratory and computation, with 58% 
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practical work. During the 4 years in 
this semi-professional training school 
Ivan studies: 


General courses: 


History of the U.S.S.R. 

Russian language and literature 
Mathematics 

Physics 

Chemistry 

Foreign language 


General technical courses: 


Drawing 

Technical mechanics 
Electrotechnology 
Machinery 
Technology of metals 


Special courses: 


Geology 

Mining 

Geodesy and mine surveying 

Mining machinery 

Mine transportation 

Mining mechanics 

Mining electrotechnology 

Fundamentals of enriching coal 
yield 

Economics and organization of 
production 

Calculation (cost accounting ) 

Rules for technical exploitation 

Mine safety 


plus some workship, field work, mili- 
tary training, and physical education. 

Upon graduation from a technicum, 
the student is immediately assigned 
to a position for a period of three 
years, after which he presumably has 
somewhat more influence on the place 
and nature of the work he is to do 
from then on. The tremendous de- 
velopment of these semi-professional 
institutes in Russia is, of course, made 
possible by the tight state control of 








the educational system. It is mo- 
tivated by a desire to develop high 
technical capabilities in the less gifted 
individuals, thus increasing the effec- 
tiveness of the fully-trained profes- 
sional worker. 

In 1955, industrial technicums train- 
ing technicians and supporting per- 
sonnel for industry, construction, com- 
munication, and transportation gradu- 
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ated 122,000 students. Altogether, 
during the period 1951-55, Soviet in- 
dustry, transportation, construction, 
and communication got 462,200 tech- 
nicians and semi-professional support- 
ing personnel from these technicums. 
This fall the technicums are re- 
ported to have accepted 480,000 new 
students, of whom 60% were 10-year 
graduates of secondary schools. 


Part IV. Graduate and Advanced-Degree Training 


Soviet advanced degrees can be 
earned not only at the universities, 
but also at research institutes as well. 
Russia has a vast complex of research 
institutes and laboratories under the 
jurisdiction of the industrial minis- 
tries, the Academy of Science of the 
U.S.S.R., and the various republic 
academies. About 60% of the ad- 
vanced degrees are awarded by the 
universities and about 40% by the 
various institutes. The degree of 
“Kandidat” corresponds closely to our 
Ph.D., and is awarded in 18 “fields 
of knowledge.” 

Training for this degree may be 
taken by individuals under 40 years 
of age who have completed their 
higher education and who can pass 
oral entrance examinations in (1) 
their specialized field, (2) one foreign 
language, and (3) in the principles of 
Soviet ideology. Training is organ- 
ized on the industrial study plan. A 
ranking professor supervises the study 
of from two to five students. At the 


end of the first year, a dissertation 
must be selected, and at the end of 
the second year the candidate must 
pass a battery of qualifying examina- 
tions, including two foreign languages. 


The entire third year is usually de- 
voted entirely to work on the disserta- 
tion, which is publicly defended be- 
fore the Academic Council of the 
sponsoring institution. If the defense 
is successful, the degree of “Kandidat” 
is awarded by the institution and con- 
firmed by the Government. 

Soviet sources state that a disserta- 
tion for a “Kandidat” degree should 
reveal general theoretical and special 
knowledge of the topic on which it 
was written. It should demonstrate 
the ability to perform independent re- 
search and present new scientific find- 
ings. These dissertations for an ad- 
vanced degree are usually an integral 
part of a large, centrally-supervised 
program. These major efforts can be 
appraised only in terms of the general 
quality of Soviet work in a given area 
of science. Consequently, one would 
expect a wide variation in quality. 
However, there can be little question 
but that research in some branches of 
Russian science is advanced, exten- 
sive, and of good quality. In 1952 
there were about 5500 “Kandidat” de- 
grees granted, not substantially dif- 
ferent from our own production of 
doctorates in the United States. 
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Part V. General Discussion and Summary 


The present Russian Government 
has made it abundantly clear that it 
has a high regard for education as one 
of its most effective tools to be used 
in its drive for world domination. Al- 
though professing the aims of general 
education, the Soviet educational sys- 
tem in reality is uniquely geared for 
the training of specialized manpower. 
The individual must be educated, but 
the individual's education is to be 
used in making the State more power- 
ful. The present Government has 
clearly indicated that it intends to fur- 
nish education to each individual in 
terms of his potentialities for contribu- 
tion to the State. 

Higher education is entirely tuition- 
free and all successful students re- 
ceive monthly living-allowance sti- 
pends, which range from one-third to 
one-half of the prevailing average 
industrial wage. In addition, outstand- 
ing students receive bonuses. The sti- 
pends are differentiated in favor of 
engineering and science students. The 
Soviet wage structure also heavily 
favors scientific and engineering oc- 
cupations, with wage ratios for these 
occupations ranging anywhere from 
two- to ten-fold above the prevailing 
average wage of other salaried work- 
ers and employees. 

The Soviets operate by well-known 
five-year plans. At the beginning of 
the present plan, 1955-1960, ten 
grades of primary and secondary edu- 
cation were available to only 70% of 
the population. Their goal is to have 
such training universal by 1960. Their 
educational purpose is indicated by 
the intense teacher training program, 
and by the high percentage of college 


graduates turned back into teaching. 
At the present time this group is re- 
ported to be 50%. 

The salary levels of teachers also 
indicate that the Soviets are playing 
for keeps. President Homer Dodge 
reports that the salary of an experi- 
enced upper-grade teacher is about 
the same as that of an experienced 
doctor, and three-fourths as much as 
that received by a factory foreman. 
The salary of a professor is four times 
that of a skilled mechanic. Further- 
more, as of 1956, all tuition and fees 
have been removed for study at every 
level in higher education. Practically 
all students are supported by fellow- 
ships, the stipends of which depend 
upon the course of study, the level, 
and the quality of achievement to 
date. Thus by means of mass persua- 
sion and bold incentives, the Soviet 
state makes every effort to channel the 
best available talent into engineering 
and scientific professions. 

To enter a college or university, one 
must either be a gold medalist, a 
graduate from a technicum in the up- 
per 10% of the class, or have passed 
searching entrance examinations. In 
engineering and scientific fields, for 
example, these examinations usually 
cover five subjects: physics, chemistry, 
mathematics, the Russian language, 
and a foreign language. These en- 
trance examinations may be repeated 
as frequently as one wishes until one 
is 35 years old. 

Because it is their only practical 
hope for advancement, probably no 
people in the world are so sold on 
education as those of the Soviet Un- 
ion. That is why 56,000,000 of them 








are presently engaged in some sort 
of educational enterprise for self-ad- 
vancement and why the science read- 
ing room in the public library in Len- 
ingrad is full 24 hours a day, the 
night workers occupying it by day 
and the day workers by night. The 
Soviet Government is also sold on 
education. That is why it is spend- 
ing more than 5% of the gross na- 
tional product on education. 

The slogan of the late master, 
Stalin, that cadres of specialists—their 
number, their quality and competence 
—will decide the outcome of the in- 
dustrial build-up essential for com- 
munist victory, is now guiding his 
heirs more than ever before. Many 
scholars in the Western World have 
studied and made pronouncements 
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upon Russian education, particularly 
as to the quality of their engineers. 

It all adds up to the fact that the 
Soviet state by and large succeeds in 
attracting its ablest talent, and in 
channeling this talent where the State 
thinks it is most needed—in science 
and technology. The education of 
their enginers may be somewhat dif- 
ferent from that of engineers in the 
Western World, but the quality seems 
to be at least substantially equal to 
that of our own products. In addi- 
tion, the U.S.S.R. is presently training 
engineers at about twice the numbers 
per year that we are doing in the 
United States. Regardless of differ- 
ences, we can ignore this combination 
of quality and quantity only at our 
own peril as a peace-loving nation. 
Verbum sapiem! 





MOTION AND TIME STUDY COURSE 


The Department of Industrial Engineering and the University 
College of Washington University in St. Louis will present from 
June 5 through June 14 a Motion and Time Study Intensive Course. 
This course, intended for personnel desiring a basic introduction to 
Motion and Time Study, will be given with the cooperation of the 
St. Louis chapters of the American Institute of Industrial Engineers 
and the Society for the Advancement of Management. 

Material covered will be presented with emphasis on setting up 
correct methods before work is started, as well as on techniques for 
the improvement of existing methods and procedures. The objec- 
tives of the course will be to help prepare the attendee to apply 
Motion and Time Study to his own company, and to train other 
persons in basic techniques. For further information concerning 
course content, instructors, and registration, write to University 
College, Washington University, St. Louis 5, Missouri. 
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DO YOU KNOW .... 


> .... That you shouldn't forget 
the Annual Meeting at Cornell on 
June 17-21? The Preliminary Pro- 
gram and housing, registration, and 
special events cards have been mailed, 
using the same addressograph plates 
as for the JournaL. If any member 
says he hasn’t received a copy, find 
out if he is receiving the Journau. If 
not, have him write us promptly to 
give us his current address so that we 
can get the records straight. 


> .... That ASEE members on 
their way to or from the June meeting 
at Cornell University in Ithaca, N. Y., 
are most welcome to visit the Cornell 
Aeronautical Laboratory in Buffalo, 
N. Y.? An adjunct of Cornell Univer- 
sity, the laboratory does research and 
development work in engineering and 
science, in aeronautics and related 
fields, to the amount of about $15,- 
000,000 annually. It is located next 
to the Buffalo Airport, and is readily 
available for persons spending time 
between flights. There is much in- 
teresting research for those not hold- 
ing a security clearance. Those who 
wish to see a particular project, how- 
ever, should write in advance to es- 
tablish appropriate clearance. These 
letters should be addressed to Mr. Ira 
G. Ross, Director, Cornell Aeronau- 
tical Laboratory, Inc., 4455 Genesee 
Street, Buffalo 21, N. Y. 


> .... That travel routes serving 

Ithaca are: 

BE wichitantene seh Mohawk Air Lines 

RAGrOGd ... 60503 Lehigh Valley from 
New York, Philadelphia and Buffalo 

| PR EN TET Pee Te Greyhound 

CA chek Ceaiaee i New York State 


Thruway. Use Exit 41 near Waterloo. 
Ithaca is 48 miles south on Route 96. 


> .... That the summer pro- 
grams on nuclear energy finally mate- 
rialized? The contract between AEC 
and ASEE has been signed, and ap- 
plication blanks have been sent to the 
dean of each college of engineering 
having ECPD-accredited curricula. 
There will be a beginning or elemen- 
tary course at Brookhaven National 
Laboratory and specialized or ad- 
vanced courses for 25 or 30 faculty 
members at each of the following 
locations: 


Argonne National Laboratory— 
Properties and operating Tech- 
niques for the Argonaut Reactor 

General Electric Company, Han- 
ford, Washington—Chemical Sep- 
aration Processes (Previous “Q” 
clearance required ) 

Iowa State College—Metallurgy 

Oak Ridge National Laboratory— 
Reactor Physics 


All courses are for eight weeks except 
the one at Argonne, which is for 12 
weeks. Just as last year, attendees 
will receive travel expenses and a 
stipend (up to $750) to match that 
paid the attendee by his institution. 
The advanced courses are open to 
those who attended the general course 
last summer and to others who have 
equivalent backgrounds. The coop- 
eration of AEC in making possible 
this additional training of engineering 
teachers is greatly appreciated. 


&> .... That a report on “Objec- 
tives and Educational Programs In 
Nuclear Engineering Education” has 
been approved by the Atomic Energy 
Education Committee? Glenn Mur- 
phy of Iowa State is chairman of the 
special subcommittee making the 
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study, authorized by the Executive 
Board in November, 1955. Basis for 
the report is the marked impetus 
given the nuclear power field in 1955, 
and the developing new pressures on 
an already critical manpower situa- 
tion. The report will provide infor- 
mation to institutions considering the 
education of students in the area of 
nuclear energy. Objectives, attain- 
ment of objectives, administrative 
methods, staff requirements, costs, 
and sources of assistance are included. 
It is hoped the report can be pub- 
lished in the JouRNAL and as a reprint 
costing about 25¢ per copy. Orders 
should be placed with the Secretary 
of the Society. 


> .... That the Ethics Commit- 
tee has completed its work on a revi- 
sion of the “Code of Ethics of Inter- 
viewing Procedures’? It will be pub- 
lished under the title of “Recruiting 
Practices and Procedures” and _ will 
appear in the JourNAL. Reprints will 
be available from the office of the 
Secretary for 25¢ each, or less for 
quantity orders. The need for revi- 
sion arose at last year’s Annual Meet- 
ing when the unethical procedures of 
some employers became generally 
known. The efforts of the Midwest 
College Placement Association in pre- 
paring an excellent initial draft are 
acknowledged. Responsibilities _ of 
the employers, the colleges, and the 
students are briefly stated. 


> .... That the YET imember- 
ship drive is beginning to show re- 
sults? The total of new members is 
about 200 ahead of the number for 
the same date last year. But if a total 
of 1,000 new members is to be 


reached, the YET representatives who 
haven't done much up to now must 
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get busy in a hurry! To those who 
have worked—congratulations and 
thanks; to the others, let’s get going! 
The names of new members are pub- 
lished in the JournNAL, but there is a 
time lag between preparation of lists 
and the dates of publication. In the 
future each list will bear a date in or- 
der to eliminate questions about who 
is or isn't listed. 


> .... That at its mid-winter 
meeting the Drawing Division found 
Houston, Texas, to be a friendly city? 
One of the banks—opposite the plaza 
of the Shamrock-Hilton hotel—had on 
its huge illuminated sign—in letters 
about two feet high— “Welcome, 


American Society Electrical Engi- 
neers, Drafting Division.” It caused 


many chuckles, but no decision was 
made as to who owed whom what 
apologies—except for the bank. 


> .... That the 24th Annual Re- 
port of ECPD for 1956 is now avail- 
able? Copies can be obtained from 
their office at 25-33 W. 39th Street, 
New York 18, N. Y., for $1.00 each. 
It contains committee reports, and of 
particular interest is the one by the 
Education and Accreditation Com- 
mittee. Other contents are a three- 
page discussion of the Proposal for a 
Survey of the Engineering Profession, 
a list of accredited curricula leading 
to first degrees (by institutions and 
by curricula), and a list of accredited 
technical institute programs. 


& .... That Circular 490 of the 
U. S. Department of Health, Educa- 
tion and Welfare, entitled Enrollment, 
Teachers, and Schoolhousing, contains 
some interesting statistics about ele- 
mentary and secondary schools? The 
total enrollment in 1946 was 1.0 mil- 
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lion or 3.3 per cent more than for the 
previous year; the number of teach- 
ers increased 2.8 per cent in elemen- 
tary schools and 9.9 per cent in sec- 
ondary schools. Minimum require- 
ments for the lowest standard teaching 
certificates vary greatly from state to 
state, but five states have a minimum 
requirement of less than two years of 
college for elementary teaching cer- 
tificates, and for three states the min- 
imum requirement is between two 
and three years of college for high 
school certificates. The number of 
full-time teachers holding emergency 
certificates amounts to 7.5 per cent 
of the total teaching staff. 
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®&> .... That the proposed revi- 
sions of the Constitution and By- 
Laws and the ballot for their adoption 
are in this issue? Most of the changes 
have been discussed for a year or 
more, and all have been approved by 
the three Councils of the Society— 
General, ECAC, and ECRC. Each 
amendment will be approved if at 
least two-thirds of the ballots returned 
within thirty (30) days after they are 
mailed are favorable. Tear out the 
ballot page, cast your vote, and mail 
to: Secretary, ASEE, University of 
Illinois, Urbana, Illinois. 

W. LeicHTton CoLiins 

Secretary 





CORNELL INDUSTRIAL ENGINEERING SEMINARS 


The Department of Industrial and Engineering Administration, 
Sibley School of Mechanical Engineering, Cornell University, has 
announced the Annual Industrial Engineering Seminars, June 11 


through 14, 1957. 


These seminars provide an opportunity for crit- 


ical study and reappraisal of some of the major problems of manu- 


facturing planning and control. 


A series of discussions will cover each of the following six areas: 
Industrial Management, Manufacturing Engineering, Small Plant 
Management, Methods Engineering, Applied Industrial Statistics, 


and Data Processing Systems. 
several general sessions. 


In addition, all participants attend 
Discussion leaders and speakers will be 


specialists from both industry and the Cornell staff. 

The seminars will be of major interest to operating management 
personnel in line supervision and staff positions for industrial engi- 
neering, production engineering, cost accounting and cost reduction, 
production control, materials control, purchasing, data processing, 


and personnel administration. 


For additional information write to 


Andrew Schultz, Jr., Department of Industrial and Engineering 
Administration, Cornell University, Ithaca, New York. 











1957 ASEE MEETING TO VISIT 
CORNELL’S NEW ENGINEERING QUADRANGLE 


Sidewalk superintendents of the 
ASEE who come to Cornell for the 
June 1957 meetings can watch the 
growth of a new College of Engineer- 
ing quadrangle, the product of 45 
years planning and work. 

Each building offers the newest in 
teaching and research facilities, with 
special thought to space and equip- 
ment that Cornell’s fifth-year engi- 
neering students need for their re- 
quired research projects. 

Four of the nine units are already 
in use, one will just be finished by 
June, and two will be under construc- 
tion. Construction on the eighth will 


A. J. McNAIR 


Publicity Chairman, 
1957 Annual Meeting 


ELEANOR BILLMYER 


Assistant Director of Public 
Information, Cornell University 


begin in the fall, and the ninth unit 
is in the planning stage. 

Ground will be broken this spring 
for a new civil engineering building, 
a gift from Spencer T. Olin. One of 
its two wings will be devoted to lab- 
oratories, including a two-story space 
for hydraulics and sanitary engineer- 
ing investigations. 

To be done by autumn is Upson Hall 
for mechanical engineering, with lab- 
oratory facilities in thermal engineer- 
ing, machine design, and industrial 
engineering. Attached to Upson Hall 
will be a building for the Graduate 
School of Aeronautical Engineering. 





An architect’s drawing of Cornell’s new mechanical engineering building, Upson Hall. 
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A feature here will be a two-story 
wind tunnel and, beneath the first 
floor, a compressor and tank to pro- 
vide air at a pressure of 3000 pounds 
per square inch. 

Carpenter Hall, housing the Col- 
lege of Engineering library and ad- 
ministrative offices, is scheduled for 
completion in May. The last of the 
nine units is to be a building for 
metallurgical engineering. 

In Phillips Hall, the electrical engi- 
neering building, opened in 1955, are 
network calculator installations, lab- 
oratories for communications and vac- 
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uum tube studies, acoustics, power 
and machinery, servo-mechanisms, and 
the Cornell Computing Center, a serv- 
ice agency for the entire campus, 
with an IBM-650 installation. A flex- 
ible control board regulates power 
distribution as needed in various parts 
of this building. 

Two adjoining buildings—Kimball 
Hall, for materials processing, and 
Thurston Hall, for materials testing— 
were opened in 1951. Thurston 
houses a specially designed testing 
bay, 60 feet square and 50 high, con- 
structed so that the building frame 
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Kimball Hall, left, Cornell’s building for materials processing, and the 
adjoining Thurston Hall, for materials testing. 
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Architect’s drawing of Phillips Hall, new Electrical Engineering building completed in 1955. 








forms part of the reaction mechanism 
for large tests. This structure, used 
with anchor wells to bed rock at in- 
tervals in the floor, permits simulta- 
neous loading in several directions, as 
well as various combinations of load- 
ing patterns. Kimball Hall includes 
the mechanical engineering labora- 
tories for machine tool studies, for 
plant layout and planning problems, 
production techniques, gaging, and 
time-and-motion studies. 

The oldest of the new engineering 
buildings, completed in 1942, is Olin 
Hall, housing chemical and metallur- 
gical engineering. It features a three- 
story unit operations laboratory, mi- 
croscopy laboratory, rubber and plas- 
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tics laboratory, and various metallur- 
gical laboratories, including foundry 
sands research. Smaller laboratories 
for graduate and fifth-year students 
are located near the main facilities. 

The engineering physics depart- 
ment is located in Rockefeller Hall, 
near the facilities of physics and the 
nuclear studies building. The elec- 
tron microscopy laboratory is placed 
in this Hall. 

Riley-Robb Hall for agricultural en- 
gineering is located on the upper cam- 
pus of the College of Agriculture. It 
contains facilities for carrying on the 
three-fold program of teaching, re- 
search, and extension work. This 


building, which consists of a five-story 
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main unit and two-story laboratory 
wings, was completed in 1955. 

Other facilities are located off the 
main campus for technical reasons. 
Typical are a high-voltage laboratory, 
radio astronomy and radio wave prop- 
agation laboratories, an ionosphere 
laboratory, and a high-head hydrau- 
lics laboratory, in the wall face of one 
of Cornell's gorges. 


At Buffalo 


ASEE members on their way to or 
from the June meetings at Cornell 
University in Ithaca, N. Y., are most 
welcome to visit the Cornell Aero- 
nautical Laboratory in Buffalo, N. Y. 
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The laboratory, an adjunct of Cornell, 
does research and development work 
in engineering and science, in aero- 
nautics and related fields, to the 
amount of about $15,000,000 annually. 
The laboratory adjoins the Buffalo 
Airport, and so is readily available for 
persons spending time between flights. 

There is much interesting research 
for those not holding a security clear- 
ance. Those who wish to see a par- 
ticular project, however, should write 
in advance to establish appropriate 
clearance. These letters should be 
addressed to Mr. Ira G. Ross, Direc- 
tor, Cornell Aeronautical Laboratory, 
Inc., 4455 Genesee Street, Buffalo 
a) No ks 





Riley-Robb Hall for Agricultural Engineering is located on the upper campus 
of the College of Agriculture. 





TEACHING POSITION AVAILABLE 


Staff openings in Civil, Electrical, and General Engineering; 
M.S. or Ph.D. desired. Salaries commensurate with qualifications. 
Write to School of Engineering, Tennessee Polytechnic Institute, 


Cookeville, Tennessee. 











EMPATHY AND ENTROPY 


W. L. EVERITT 


President, ASEE 
Dean, College of Engineering 
University of Illinois, Urbana 


Adapted from a discussion following the dinner of Young Engineering Teachers, 
on June 27, 1956, at the Annual Meeting, Ames, Iowa 


The primary function of a teacher 
is that of communication—of ideas, 
principles, attitudes, and inspiration 
to the student (and perhaps to 
others). It has long been recognized 
that good educational practice must 
make use of psychological principles, 
and that a command of rhetorical, in- 
tellectual, or personal communication 
theory (whether conscious or intui- 
tive) was an essential possession for 
the truly successful teacher. 

Another formal area has been de- 
veloped recently, however, in the field 
of engineering, an area not so obvi- 
ously, but still equally, fertile and 
suggestive for teachers—the realm of 
what is commonly referred to as 
either Communication or Information 
Theory. Young engineering teachers 
might well consider the possibilities 
of combining these two kinds of com- 
munication, one social and emotional, 
the other physical or mathematical. 

Our topic, of course draws one 
word from each, with the intent of 
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Fig. 1.—Communication Channels of 
Importance in Education. 


applying them both to the problems 
we face as teachers. These problems 
include at least five or six major two- 
way interchanges of ideas and emo- 
tions, as shown by Figure 1: with stu- 
dents, with associates, with other 
members of the engineering profes- 
sion, with administrators, whether 
educational or industrial, and behind 
these (as a matter of daily living), 
with our families, our community, and 
the larger public of citizens, news- 
papermen, legislators, and those we 
serve or by whom we are judged. 


The Terms of Our Problem 


In relation to these briefly stated 
and reasonably obvious needs, let us 
look first at some definitions of our 
terms. Empathy is “mental, entering 
into the feeling or spirit of a person, 
appreciative perception or under- 
standing; an imaginative projection of 
one’s own consciousness into another 
being.” This seems appropriate, and 
parts of it might apply especially to 
the teacher-student relation. 

Entropy is not nearly so easy to 
define in verbal terms, largely be- 
cause it is so generally described by 
mathematical equations. In a thermo- 
dynamic system, the usual context, 
total heat energy can be designated as 
Q, the temperature T, and entropy S, 
combined as dS = dQ/T. In terms of 
probabilities applied to phase states, 
the same entropy then becomes S$ = 
x; — p; log p;. In words, it may be 
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inferred that entropy is a measure of 
randomness, confusion, or lack of or- 
ganization. Such a term can be ap- 
plied not only in a thermodynamic 
sense, but also to information prob- 
lems. 

Entropy, then, is at a maximum 
when there is an absence of tempera- 
ture gradient in a heat exchanger or 
complete mixing (as against separa- 
tion) of two gases, or in an electronic 
message system when “noise” has rel- 
atively submerged any signal, either 
arbitrary or meaningful. In a nega- 
tive sense, too, entropy measures the 
“unexpectedness” of a message, and 
this combination of significance is 
what makes the term so useful for 
communication theory. 

It is readily apparent that unex- 
pectedness, properly conceived, is in- 
herently a characteristic of communi- 
cation, whether in the classroom, the 
public press, or over a telephone sys- 
tem. If one gets a standard form 
greeting by telegraph on one’s birth- 
day (whether chanted or not) prac- 
tically the only information received, 
regardless of words, is that someone 
has thought enough of you to spend 
a limited amount of money. If the 
greeting is from an enterprising busi- 
ness acquaintance known to possess 
an efficient secretary with a “tickler” 
file, the message may be even less sig- 
nificant. On the other hand, if the 
message (like Michael Anthony for 
John Beresford Tipton) says that you 
have been left a million dollars tax- 
free, this is information! Thus we 
measure value by unexpectedness! 

Unexpectedness, or amount of in- 
formation, has also been defined as 
the ratio of the probability of your 
knowledge of an event after the mes- 
sage is received to the probability be- 
fore reception (or the log to the base 
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2 of this ratio). For example, if a 
weather forecaster during July says it 
will be warm tomorrow, the unex- 
pectedness and the information sup- 
plied are both low, but if he predicts 
snow and cold (assuming it will or 
does ), the unexpectedness is high and 
the information spectacular. 

It is interesting to note that Edding- 
ton, in his Nature of the Physical 
World, defines entropy in semi-psy- 
chological terms as we are doing: 


Suppose we were to arrange the follow- 
ing in two categories—distance, mass, 
electric force, entropy, beauty and mel- 
ody. I think that there are the strongest 
grounds for placing entropy alongside 
beauty and melody, and not with the first 
three. Entropy is found only when the 
parts are viewed in close association and 
it is by viewing or hearing the parts in 
association that beauty and melody are 
discerned. All three are features of ar- 
rangement. It is a pregnant thought 
that one of these three associates should 
be able to figure as a commonplace quan- 
tity of science. The reason why this 
stranger can pass himself off among the 
aborigines of the physical world is that 
he is able to speak their language, viz., 
the language of mathematics. 


If this seems a shade difficult or ob- 
scure, you have just been formally 
and legitimately introduced to (a) 
entropy, and (b) Eddington. Per- 
haps I should only add that if we 
were to place empathy in this hier- 
archy or continuum of terms, it should 
fall just to the right of entropy, to- 
ward beauty and melody. 


Application to Problems 

Now that we have met our terms, 
how shall we apply them to our prob- 
lems? Warren Weaver, of the Rocke- 
feller Foundation, in a paper “Recent 
Contributions to the Mathematical 
Theory of Communication” suggests 








that there are three levels of com- 
munication problems of all types: 


(a) How accurately can the sym- 
bols of communication be trans- 
mitted? (The technical problem ) 

(b) How precisely can the trans- 
mitted symbols convey the de- 
sired meaning? (The semantic 
problem ) 

(c) How effectively does the re- 
ceived meaning affect conduct in 
the desired way? (The effective- 
ness problem ) 


Here I think we can develop an ef- 
fective parallel between the block dia- 
gram of a standard communication 
system, for which you can supply the 
classroom, faculty-meeting, — salary- 
conference, family budget discussion, 
or what you will, as shown by Figure 
2. Note that the “pure” signal or 
wave begins to pick up noise from the 
random influences of the surrounding 
atmosphere and the materials of the 
network; as the signal is impressed on 
the carrier and transmitted, still other 
entropy-raising factors impinge, and 
by the time the signal reaches a 
badly-tuned receiver, the total effect 
is the usual result we expect in teach- 
ing a class on a warm spring day. 

With meditation, this pattern may 
make you both more patient with stu- 
dents’ failure to remember, or with 
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Fig. 2. Block Diagram of a 
Communication System. 
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Deans’ refusal to be impressed by or 
appreciative of your most sterling ef- 
forts. It may also make you less pa- 
tient with yourselves, for the clear im- 
plication is that high entropy levels 
require the application of still higher 
energy to the message. Also recom- 
mended is more careful circuit design 
or planning to avoid interference and 
insure closely-tuned, sympathetic re- 
ceivers, or messages adapted to re- 
ceiver characteristics—a case of em- 
pathy, I believe? 

Perhaps I should warn you that 
many major contributors to infor- 
mation theory protest very strongly 
against any application of their dis- 
cipline in a qualitative sense. They 
feel that it should only be used when 
“Information” can be specified quan- 
titatively, and fear that it will be con- 
fused with the word “Meaning,” 
which is inherently semantic and 
qualitative. 

As an extreme expression of this 
idea, I might quote from the Russian 
author V. V. Solodonikov, in his book, 
Introduction to the Statistical Dynam- 
ics of Automatic Control Systems: 


Let us emphasize here that Soviet sci- 
entists approach the problem of using 
statistical methods in the theory of auto- 
matic control systems in a basically dif- 
ferent manner than do the reactionary 
foreign scientists. 

Soviet scientists use statistical methods 
for solving actual technical problems, 
which confront them in various fields of 
engineering and, especially, in automa- 
tion, which has been called upon to play 
an important role in the movement to- 
ward communism in our country. 

Reactionary foreign scientists, being 
captives of idealism and metaphysics, 
characterized by a professional narrow- 
mindedness and an inclination to claim 
as fact the fancy of their imagination, 
strive to use statistical methods and, es- 
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pecially the theory of statistical anticipa- 
tion (extrapolation) for the creation of 
theories having nothing in common with 
science and which can be used only for 
sensations, for the creation of an untrue, 
absurd representation of the rate of de- 
velopment of technical progress. 

Comparing man’s brain to a complex 
calculating machine, and man himself to 
a combination of a large number of its 
controllable servomechanisms, they ar- 
rive at conclusions sounding recklessly to 
the Soviet man, that “man’s brain, in the 
course of time, will become smaller and 
smaller,” that “such a period will set in 
when machines will direct people,” ete. 

Indeed, “theories” of this kind would 
evoke indignation in the Soviet man. 
They only emphasize what degree of 
stagnation the modern capitalistic society 
has achieved. 


On the contrary, I have found the 
general conclusions of quantitative in- 
formation theory so startlingly illumi- 
nating in considering the Teacher- 
Student communication problem, I 
wish to list some of the important 
implications for you. 


Ten Principles 


To save your time and make all this 
a bit more specific, I would like to 
point out ten principles which have 
been developed by the engineering 
theory of communication, but which 
I will leave to your empathy for de- 
tailed application. I will try to sug- 
gest a few of the necessary corollaries 
to the basic statements, and you can 
set up direct parallels with the teach- 
ing situation. 


Table I~Ten Important Principles in 
Communication Theory 


. “Amount of information” can be specified. 

B. Uncertainty is mathematically analogous 

to entropy, and is measured in terms of 
probabilities. 
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C. In a communication system, each source 
has a maximum rate of producing in- 
formation. 

D. A communication system involves the 
principles of coding and decoding. 

E. Coding and decoding methods must be 
compatible. 

F. Each communication channel has a max- 
imum capacity for transmission in sym- 
bols per unit time. 

G. If the source rate exceeds the channel 
rate, errors at the receiver increase 
rapidly. 

H. Noise increases the entropy or uncer- 
tainty at the receiver. 

I. Redundancy reduces the entropy at the 
recelver. 

J. Proper coding reduces the entropy at the 
recelver. 

As an introduction, then, informa- 
tion must in general be translated into 
a code involving symbols and symbol 
sequences. This is done, for example, 
when your innermost thoughts are 
first translated into nerve impulses 
controlling your muscles, and are 
again translated into the code of audi- 
ble or written speech. 

In fact, any efficient coding sys- 
tem will use the shortest sequence of 
symbols for the most frequently oc- 
curring ideas, and longer sequences 
for less probable ones. A _ sophisti- 
cated or highly efficient code may, 
likewise, involve several stages or 
translations (like double crostics or 
T. S. Eliot’s poetry of the objective 
correlative ), requiring both a time de- 
lay to function and complexity in its 
design. 

In this pattern, unexpectedness or a 
high level of information places the 
greatest strain on reception and de- 
coding, just as the normal introduc- 
tion noise introduces greater uncer- 
tainty. If we recognize this tendency 
in nature to increase entropy or re- 
laxation (random expenditure of en- 
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THOUGHTS FROM ABROAD 


ON AMERICAN ENGINEERING EDUCATION 


A highlight of my _ introduction 
some years ago to Engineering Edu- 
cation in America was an interview 
I was granted with a departmental 
chairman in an important university. 
At a certain stage of the proceedings, 
the chairman raised a quizzical eye- 
brow as he glowered at me from the 
other side of his desk and snapped in 
his best executive manner: “What we 
look for in this university are: One, 
research ability—two, teaching ability 
—three, professional competence—four, 
public service.” 

I had the peculiar sensation of slip- 
ping farther down in my chair with 
each pronouncement, expecting all 
the while that my interviewer would 
bury his fist in the desk in one final 
cataclysm; but no, somehow sensing 
my confusion (or perhaps simply 
noticing that I slipped almost to the 
floor! ) he continued in more comfort- 
ing tones, “I’m explaining this to you 
because I know you come from Eng- 
land.” (I came from Scotland.) At 
this, I daringly ventured the remark 
that it could hardly be said that the 
British altogether “rest on their oars,” 
although it was true that in academic 
life they did not wield the “big stick.” 
“Well,” replied the chairman with a 
triumphant grin, “we sure wield the 
‘big stick’ here!” 

I am not going to claim that the 
manner of this interview was typical, 
or that the particular chairman or 
Dean concerned was altogether an ill- 
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hearted fellow. This conversation has 
simply remained vivid in my mind as 
highlighting the dramatic contrast be- 
tween the American attitude toward 
the teacher and teaching on the one 
hand, and the traditional usages of 
the universities and colleges of the 
Old World, on the other, or indeed, 
the usages of American institutions 
until comparatively recent times. I 
was soon to find that although the 
noblest motives of teaching as a call- 
ing were unquestioned, the teacher's 
desire to pursue that calling and his 
application to his work as mentor and 
scholar were not considered adequate 
in themselves. These had also to be 
proved in some other way. There 
was a clamor for obvious, external 
evidence, evidence that could be read- 
ily and frequently documented under 
one or other of the headings of ap- 
proved activity favored by the college 
concerned. 

Unfortunately, as most of us know, 
not all the laudable activities of the 
teacher lend themselves to documen- 
tation, and in the end it is published 
research work that generally deter- 
mines the teacher’s promotional fu- 
ture as a teacher. Even so, unless the 
research work is published it is vir- 
tually non-existent as far as adminis- 
trations are concerned. Publication 
means success; to deserve success is 
not enough! 

It has not been sufficiently observed 
that this policy discourages activity 
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on research projects, no matter how 
important, that show signs of slow- 
ness or special difficulty, and also 
that the main burden of the policy 
falls on the young engineering teacher 
who is under considerable pressure 
to prove himself. So many things 
clamor for his immediate attention 
if he intends to make a career of 
teaching! 

Not only are there the onerous 
problems of teaching itself, of prep- 
aration and planning, but, there is 
also the need of widening his own 
knowledge—especially in the subject 
matter he is going to teach—and of 
his looking to the deficiencies of his 
cultural background and general edu- 
cation so neglected in the very nature 
of engineering. The catalogue does 
not stop there; he must take an inter- 
est in the progress of his students, in 
their activities, and in the activities of 
professional societies. It is in addi- 
tion to all this that he must develop 
a research project which in the end 
will determine his future as a teacher. 

Given time, perhaps all could be 
accomplished with reasonable suc- 
cess, but the young teacher is rarely 
allowed this time, and hence the para- 
dox that if he is to justify his position 
as a teacher, it is precisely teaching 
that he must sacrifice. Is it any 
wonder, too, that many consider in- 
dustry less demanding as well as ma- 
terially more rewarding? 

When I mentioned earlier that this 
state of affairs did not always exist, I 
had in mind a report by W. E. Wick- 
enden, written in 1929, which states: 


“There are still relatively few men of 
high research capabilities in our profes- 
sional chairs; industry has requisitioned 
many of the most fertile for her own fast 
growing research establishment; and un- 
til quite recently there has been far great- 
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er incentive to textbook writing and to 


incidental practice than to research” (1). 


The shoe is now on the other foot, 
and an increasing number of educa- 
tors have been calling for a restora- 
tion of the balance between research 
and teaching. The work of the ASEE 
on the subject has culminated in two 
very excellent reports that leave very 
little more to be said (2, 3). The 
main difficulty remains, however, in 
the peculiarly American desire to eval- 
uate the intangible and express it in 
numbers. Teaching is to be encour- 
aged by “evaluating” it and rewarding 
it accordingly. 

There is clearly a great difference 
of opinion as to how this is to be done. 
Hitherto, the emphasis has remained 
on encouraging staff to amass statis- 
tics of their activities, publications, 
meetings, and committees attended, 
and so on. Apart from the fact that 
this system does not “evaluate” a 
teachers worth, much less as a 
teacher, it has the serious defects of 
putting a premium on cheap pub- 
licity and tending to profane honest 
endeavour with self-conscious self- 
advertisement. 


Evaluating or Discerning 


What, then, is to be done in this 
problem of encouraging “good” teach- 
ing? First, I think it will be agreed, 
any system of “incentives” which de- 
stroys a teacher's love of teaching, of 
self criticism, and honest scholarship, 
is undesirable in the extreme. Not 
all the methods suggested from time 
to time avoid these consequences. 

One is tempted to ask if it cannot 
be accepted that teachers do achieve 
similar results in different ways. One 
resorts to gadgets and models as 
teaching aids, another to the power 
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of language and so on, each subject, 
too, demanding its own mode of treat- 


ment according to the caliber of the 


students being taught and the per- 
sonality of the faculty member doing 
the teaching. 

In fact, is it not true that, apart 
from the necessary knowledge and 
grasp of the subject matter, good 
teaching is basically a matter of per- 
sonality? Certainly it can be claimed 
that the term “necessary knowledge” 
involves scholarship, but scholarship 
surely embraces more than simply ex- 
perimental research. Is it not right 
to state that scholarship includes all 
essentially creative activities, such as 
the writing of books, articles, and 
papers, keeping up to date with de- 
velopments in the sphere of interest, 
developing or devising course work, 
and indulging in cultural activities or 
eclectic studies that aid the creation 
of the complete man? The ASEE re- 
port (3) mentions most of them and 
the range is wide. 

“This is all right and very well,” 
you may say, “but surely we must 
then measure scholarship in order to 
give credit to the teacher?” Rather, 
“discern” scholarship, and I will agree 
with you. All systems of “evaluation” 
rest heavily on the judgment of our 
administrators, and I submit that if 
administrators know their staffs as 
they should, the various qualities 
mentioned previously which distin- 
guished the “good” teacher can be 
easily discerned. 

It only remains that administrators 
should be aware of the varied needs 
in a healthy engineering college, and 
the fertilizing force of varied skills or 
talents within a faculty. If one cares 
to look for it, the ASEE report again 
provides excellent guidance towards 
this end, although it does make more 
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of “evaluating” or “measuring” than 
of “discerning,” and of the insight that 
this latter word implies. 


Class Visits 


A method of “evaluating” teaching 
skill that has been advocated and 
practiced warrants special comment, 
namely, that senior faculty members 
visit the classes of the junior staff to 
assess teaching performance. It seems 
to the writer that this procedure has 
some serious and decidedly danger- 
ous, perhaps harmful pitfalls. An 
alien, critical, and possibly hostile 
presence in the class is not only de- 
structive of the teacher’s morale but 
a real threat to his relationship with 
his students. The occasion may be 
very tense and little information can 
be gained that is of any value. 

Certainly, if the senior faculty mem- 
ber is present to give helpful advice 
to the teacher, especially if he is pres- 
ent at the invitation of the teacher, 
the emotional circumstances might be 
different and good results might be 
expected. Still, there is much to be 
said for respecting the autonomy and 
privacy of the teacher in his own 
classroom. 

Excessive zeal for evaluation should 
not be allowed to blind us to the 
great work that can be achieved by 
encouragement, a stimulating environ- 
ment, and time to think and study. 
The greatest danger of this “evalua- 
tion” business, whether of teacher or 
student, is that it tends to become an 
end in itself, an all-devouring monster. 


The Ph.D. and the Engineer 


Another subject of concern is the 
academic qualification of the teacher. 
There has been a marked tendency in 
recent years for college authorities to 
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favour the Ph.D. as the basic aca- 
demic prerequisite of teaching. This 
emphasis on paper qualifications 
seems strange in a country that has 
prided itself in the dictum “If you 
can do the job, it’s yours!” It may be 
argued that, as the ASEE puts it, 
the Ph.D. “Demonstrates a_back- 
ground of integrated fundamental 
knowledge and probable creative 
ability in teaching and research” (3), 
but it would be invidious to claim 
the converse, that the absence of the 
Ph.D. demonstrates a corresponding 
lack of these qualities. 

It can also be argued, no less vehe- 
mently, that although the chemist and 
physicist, for instance, may well re- 
gard the Ph.D. as the hallmark of 
his profession, it is just as important 
to the engineer that he should have 
rubbed shoulders with the practicing 
or “doing” side of his profession and 
measured himself against the deci- 
sions that are to be made in the 
design offices and in the industrial 
research and development establish- 
ments—decisions that dare not be 
wrong in terms of function, safety, 
and cost. 

Indeed, until this experience is ac- 
quired, the engineering graduate is 
a very raw and unfinished product as 
also, of course, is the teacher of engi- 
neering who has never ventured from 
the cloistered atmosphere of school 
and college, whether he has a Ph.D. 
or not. If nothing else, it is a great 
advantage to both teacher and pupil 
that the teacher should have some 
first-hand experience of the kind of 
life his pupil is going to lead and for 
which preparation is being made. 

To suggest that, in general, a stu- 
dent of engineering, whatever his at- 
tainment, should continue through 
school directly into the teaching of 
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engineering without exposure to pro- 
fessional practice, is a serious mistake 
and seems to be implied in the fol- 
lowing vague statement in the ASEE 
report (3): 


“If a student’s interest is aroused in a 
teaching career, his study may be guided 
to embrace breadth of view and scholarly 
attitude.” 


Would it be too much to suggest 
that “breadth of view” and “scholarly 
attitude” be inculcated in all students, 
whether they are destined for teach- 
ing or not? It must be conceded, 
however, that these qualities are pe- 
culiarly indispensible to the teacher. 


Oral and Written Communication 


Unfortunately, “breadth of view” 
and “scholarly attitude” are not the 
only indispensables to the teacher, and 
it is difficult to find any other calling 
within the profession of Engineering 
that is so diversified and exacting in 
its demands. The realization, too, 
that we must counter the dehumaniz- 
ing effects of our own industrial crea- 
tion if our civilization is to prevail, 
compels us to restore the ancient un- 
ion of the arts and sciences by empha- 
sizing the importance of the human- 
ities in engineering education, where 
indeed, as in the matter of oral and 
written communication, so much is 
left by the high schools to be accom- 
plished at the college level. 

Oral and written communication, 
however, are not a matter of culture 
alone, and a deficiency in either can 
be a real handicap to the professional 
engineer, a fact to which numerous 
employers will testify today (5). It 
is no surprise, therefore, that the 
ASEE report should emphasize the 
importance of “the teacher's own use 
of and insistence on the student's use 








of clear English, both oral and writ- 
ten.” Yet another requisite of the 
good teacher? It would seem so. 

The deficiencies here are often 
traceable not simply to schooling, but 
to the poor standards of oral and writ- 
ten expression prevailing in our total 
environment. Much of the technical 
press, for instance, has prostituted its 
self-respect in this regard to the de- 
mands of advertising agencies. Ac- 
cording to the so-called “readability” 
scales, of which a good discussion can 
be found in references (4) and (8), 
such writing makes a minimum de- 
mand on the intellect of the reader 
(to say nothing of the writer! ). That 
can well be believed, but no one can 
say that such language conveys the 
idea behind it with anything like pre- 
cision. Yet above all, the aim of tech- 
nical writing should be precision, and 
precision cannot be achieved on a 
limited vocabulary. 

Coupled with precision is simplic- 
ity, or better, clarity of expression. 
It is a mistake to consider that these 
ends will best be served by the arbi- 
trary exclusion of words of three or 
more syllables. If a three-syllable 
word precisely expresses the idea, by 
all means use it! This is not the same 
as saying that if there is a choice of 
words the simplest and shortest should 
not be used. 

Certainly the writer must consider 
the capabilities of his reader, but this 
does not excuse crudity and excessive 
“writing down” to readers of serious 
technical literature, and here I in- 
clude students of engineering. If the 
language is not used, there will be no 
incentive to learn it. I think we 
should be very sceptical of the glib 
use of “readability” or “fog” indices, 
and very critical of the abuse of our 
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language that sometimes masquerades 
as “simplicity.” 

As Professor Bolton states in his ex- 
cellent article, “writing is not a sci- 
ence but an art.” As with all arts, 
however, much can be learned from 
the work of those who are the masters 
of the art. It has rules and calls upon 
techniques that can be developed 
with practice and study; the rest, ad- 
mittedly, is God-given. 


In Retrospect 
I have described a highlight of my 


introduction to Engineering Educa- 
tion in America and my initial reac- 
tions, albeit in a somewhat facetious 
vein. 

What now, I have been asked, do I 
think of American engineering educa- 
tion after several years in its service 
and as one who has been intimately 
acquainted with engineering educa- 
tion in Great Britain both as student 
and teacher? Before I answer, it is 
well to remember that one cannot 
make a reasonable comparison of edu- 
cational systems until the circum- 
stances peculiar to each are fully 
appreciated. 

Travel teaches us that there are 
often several excellent ways of ac- 
complishing the same end, and it is 
the merit of such experience that one 
becomes more flexible and _ tolerant. 
Provincialism is anathema to educa- 
tion. There are, however, certain 
characteristics that stand unique and, 
first, I can do little better than quote 
again from Professor Wickenden’s 
survey (1): 


“American teachers of engineering 
merit a glowing tribute for their zeal in 
the study and improvement of the teach- 
ing process. Here the burden of world 
leadership clearly rests upon them, partly 
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because of the handicaps of preparation 
and preliminary selection under which 
they labor, but more largely because 
American education, more than that of 
any other country, centers in the indi- 
vidual welfare of the student.” 


This is so true today, that it is start- 
ling to realize it was written back in 
1929. American education, it seems, 
is geared to the needs of the more 
moderate student. British education, 
on the other hand, at the university 
and technical institute level, has been 
adapted to the needs of the “top 
third,” while the more average stu- 
dent along with many who have 
missed their opportunity, are com- 
paratively neglected. Until the re- 
port of the British Productivity Coun- 
cil was widely consulted, it was about 
as difficult to convince a British edu- 
cator that he could learn anything 
from America as vice versa; but the 
dawn is breaking. The British Gov- 
ernment has recently appropriated 
funds to develop the necessary col- 
leges and educational schemes to 
meet the needs of the times. At pres- 
ent, with the exception of the uni- 
versities and the foremost technical 
colleges, which are notably well fa- 
vored in this regard, too many British 
colleges are seriously understaffed, 
underequipped, and swamped with 
mediocrity, lacking the resources and 
the staff conditions of their counter- 
parts in America that nourish the ac- 
tive interest and endeavor encoun- 
tered there. 

The teaching methods of the Brit- 
ish universities and of the foremost 
technical colleges seem to be effective 
for the high class of student with 
which they are concerned, and since 
there is much reason to believe that, 
given a favorable environment and 
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facilities for consultation, serious stu- 
dents will largely educate themselves, 
there seems no great incentive for the 
study of teaching problems as such. 
In fact, the optimum in the teaching 
of superior students would appear to 
be the “tutorial” system adopted in 
various forms by the leading British 
institutions. For a fuller treatment of 
some of the points raised here, as 
seen through the eyes of an Amer- 
ican, the excellent paper by W. S. 
Rouverol (7) is recommended. 

It is quite apparent that nowhere 
today is there to be found British in- 
terest in the problems of engineering 
education in any way as active as that 
evidenced in the U.S.A.; nor does a 
body truly comparable to the ASEE 
exist in Britain or elsewhere abroad. 
The nearest approach in Britain, so 
far, is to be found in the “Education 
Groups” of the professional institu- 
tions. Here, too, we touch on Amer- 
ica’s greatest strength—apart from ma- 
terial and human resources—the nat- 
ural willingness of the majority of 
Americans to experiment, and their 
unique adaptability to change. Cer- 
tainly, American teaching practice is 
not without its irritations, particularly 
where zeal degenerates into over- 
zealousness, and one at times finds it 
difficult not to side with Wickenden 
when he declares (1): 


“In nothing does the essential juvenil- 
ity of our higher education reveal itself 
so fully as in the textbook, daily assign- 
ment, recitation, written quiz, piecemeal 
grading system of instruction, and in our 
eager effort to compensate for the stu- 
dent’s defective mastery of the processes 
of learning by one and another peda- 
gogic device. In the effort to make up 
for deficiencies of preparation, the in- 
definite aims of students, the lack of so- 
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cial and economic urges to educational 
achievement, as well as the absence of 
intellectual traditions in society and of 
standards of scientific competency in the 
technical professions, the engineering 
colleges of America have felt compelled 
to resort to a driving process. The stu- 
dent has less freedom and more routine 
than his European confrere. He prob- 
ably does not work any harder, but he 
works under a different regime and un- 
der different urges. He is not an inde- 
pendent spirt striving for a large but dis- 
tant goal and imposing on himself the 
discipline needed to attain it, he is too 
often a harried quantity producer trying 
to keep abreast of his quota of daily and 
weekly tasks.” 


But there is every encouragement to 
make progress, and every opportunity 
for the student. The provision for 
advanced study is extremely good, of 
course, and the rest of the world is 
taking notice! 

A fundamental difference between 
the British and American college sys- 
tems from which many other differ- 
ences spring is the semester “unit” 
system. It is strange how this basic 
difference has been overlooked by 
visiting educators. The unit system 
gives the American student a great 
advantage over European ones. 

By its means, he can take his degree 
in convenient installments, whereas 
the British undergraduate must at- 
tempt all the subjects of a particular 
stage simultaneously. Indeed, in many 
cases a failure in even one subject 
necessitates his taking the complete 
examination over again, including the 
subjects he has previously passed. 

When one considers all the anom- 
alies that can arise from this system, 
it is difficult to see how it can be jus- 
tified. Other differences arise from 
the higher standard of British general 
education at the high school level and 





Vol. 47—No. 8 


the importance attached to the craft 
apprenticeship in the basic training 
of engineers in Britain and Europe. 
Among a number of differences in 
method, the most interesting is the as- 
signed textbook and the “open book” 
examination or “quiz.” The assigned 
textbook is usual practice in America. 
At its worst this can lead to the teach- 
ers leaving the textbook to do the 
teaching and at its best it can save 
time, alleviate much drudgery, and 
encourage the student to develop a 
reference libarry. The “open book” 
examination (unless multiple refer- 
ences are used) eliminates the testing 
of pure memory, but places a pre- 
mium on the knowledge of only one 
textbook (which of course, is better 
than none!) and on slickness of in- 
dexing that book for speedy refer- 
ence. A textbook is best used as a 
teaching aid; examination questions 
can be set in such a form as will elim- 
inate excessive emphasis on memory, 
and at the same time encourage the 
student to work from fundamentals. 
In the matter of administration, it 
has been most refreshing to note how 
many deans, department heads, and 
professors meet the challenge of bind- 
ing together the diversified person- 
alities under their charge. An un- 
happy staff member is regarded by 
them as a criticism of their success as 
administrators, and it has been a reve- 
lation to the writer to discover how 
the most enlightened gives this prob- 
lem special care and take their staff 
from the highest to the lowest into 
confidence, leading them as a team. 
‘While it would be foolish to claim 
that all American administrators act 
in this happy way, more administra- 
tors of this type will be found in 
America than elsewhere. Of course, 
there are those who believe that an 
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administrator's success is to be meas- 
ured in the number of memos he 
dashes off per day, or in how harshly 
he wields authority; but there are 
many more who believe that human 
insight is more valuable. It is reas- 
suring that so many are coming to 
model themselves a little less on the 
apparent symbol of American success 
—the business executive—and a little 
more on the humanitarian and scholar. 

Be all that as it may, there will be 
trends and counter-trends, and col- 
leges can seek fame through the pub- 
lications of their faculties as they will; 
but their most important product is 
still and always the student. It is on 
the quality of the human material 
they prepare for the world that our 
colleges must stand or fall. The Amer- 
ican student is well cared for, with 
his advisors, vocational guidance, and 
the like. 

If one would wish at times that he 
would discuss the humanities, ideas, 
politics, or world affairs a bit more, 
one must remember that he is not al- 
together to blame. It has been one 
of the writer’s most rewarding experi- 
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ences to have worked with him at 

many levels, and he has no greater ad- 

mirer. If he goes into life ill-equipped 
to live it fully and ignorant of his 
great intellectual heritage, the respon- 
sibility to a very large extent will rest 
on his teachers. 
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AIIE ANNUAL CONFERENCE 


The American Institute of Industrial Engineers will hold its 
Eighth Annual Conference in New York City at the Hotel Statler 
on May 16-17, 1957. The Conference is open to anyone interested 
in management or industrial engineering. 

More than 20 speakers will talk on topics including “New Tech- 


niques in Production Planning and Scheduling, 
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Incentives Pro and 


Con,” “Design of a Management Reporting System,” “Are We Going 
Overboard with Cost Figures?”, “Inventory Control and Operations 
Research,” and “Setting up an Industrial Engineering Program.” 
Simultaneous sessions will be held which will allow those attending 
the Conference to be present at the sequence of talks closest to 
their special interest. 
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Since World War IJ there has been 
a flourish of interest in the stratified 
liberal arts-engineering course. The 
stratification involves a separation of 
the liberal arts courses from the juris- 
diction, as well as the confines, of the 
engineering school. It requires that 
such studies as the social-humanities, 
mathematics, and the hard sciences 
be completed in a liberal arts college 
before matriculation to the engineer- 
ing school. 

These courses are usually five-year 
affairs, but should not be confused 
with the five-year engineering courses 
offered at Minnesota, Ohio State, Cor- 
nell, and other institutions. At these 
places the curriculum is administered 
by the engineering school alone. Such 
curricula are categorically known as 
stem plans; the liberating studies are 
studied along with engineering courses 
throughout the five-year program. 
They represent another response of the 
engineering schools to the pressures 
for a broader engineering education. 


Stratified Plans 


The stratified plans are known in 
various parts of the country as the 
Combined Plan, the Binary Plan, the 
Three-and-Two Plan, the Professional 
Option, the Liberal Arts-Engineering 
Program. The first phase of the pro- 
gram, which is taken in a liberal arts 
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college, usually requires three years; 
the final phase requires two years in 
an engineering school. It is usual 
that the bachelor of arts degree is 
given by the liberal arts college after 
the completion of four years of a five 
year plan. After the fifth and final 
year, a bachelor of science degree is 
awarded by the engineering school. 


Variants 


There are two variants of stratified 
plans—the off-campus and the on- 
campus. With the off-campus type, 
the liberal arts college and the engi- 
neering school are located in different 
institutions. It is this brand which 
is in minor vogue at present. It may 
be considered, with one possible ex- 
ception, to be a post-World War II 
development. The MIT program is 
the exception. It began to establish 
“liaisons” with liberal arts colleges 
in 1936. 

The on-campus variety is an his- 
toric type which attempts, within the 
bounds of a single institution, to pro- 
vide a foundation of liberal education 
comparable with that for the so-called 
learned professions. There appear to 
have been two predominant influences 
in this development. One has been 
the inspiration of the French stratified 
system of engineering education. The 
other has been, and still is, the desire 
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for the recognition of engineering ed- 
ucation as an unquestioned form of 
higher education and the correlative 
hope for the assured inclusion of engi- 
neering in the professional triumvirate 
of medicine, law, and the theology. 

The increasing demand for engi- 
neers after the Civil War, however, 
stifled this development, which re- 
quired a year or two more than the 
conventional four-year course. To- 
ward the end of the past century a 
New York editor commented, “Let it 
be said that the pressure of American 
life is such that young men cannot be 
allowed to take the same time as their 
fathers for the training of character 
and acquirement of cufture. . . .” In 
1896, a president of the Society for 
the Promotion of Engineering Educa- 
tion reported to an annual meeting 
that “the tendencies which have ex- 
isted toward a five year course have 
for the most part disappeared.” 

The post-war emergence of the off- 
campus variation of stratified under- 
graduate engineering education has 
seemed to some industrial, as well as 
academic, critics to be a promising 
response to their perennial criticism 
of the narrowness of engineering edu- 
cation. It is also a response to the 
desperate need for increasing the 
number of engineers. The fact that 
stratified plans tap a new source of 
engineering student has no doubt 
stimulated their growth. 

The urgent need for increasing the 
number of engineering graduates, plus 
the fact that there has been nothing 
resembling an exodus from any one 
liberal arts college, has led also to the 
establishment of a satellite system of 
liberal arts colleges by a planetary en- 
gineering college. The table below 
shows the extent of these systems: 
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Engineering Liberal Arts 
College Affiliates 
Carnegie Tech. 23 
Case ll 
Columbia 43 
Duke 5 
Illinois Inst. Tech. 23 
Lafayette 23 
Maryland 1 
Mass. Inst. Tech. 16 
Michigan 7 
Purdue 2 
Rensselaer 13 


It may mollify a liberal arts college 
graduate to know that his institution, 
too, may have its “stable” of engi- 
neering schools. 

The number of students participat- 
ing in this type of liberal arts-engi- 
neering course varies greatly. The 
most vigorous engineering college ex- 
ploiter of this plan recruits about 
twenty per cent of its junior class 
from its satellites; another attracts ten 
per cent. But for most of the schools 
the program has not been in action 
long enough for such figures to be 
significant. The enthusiastic, how- 
ever, consider the plan as worthwhile, 
and the prospects of increasing en- 
rollments as good. Even the skep- 
tical concede that the plan is in the 
“bears watching” stage. 

The Columbia University School of 
Engineering, which has since 1914 
practiced the stratified plan with its 
own liberal arts colleague, Columbia 
College, is a recent starter in the busi- 
ness of establishing a satellite group; 
its system is called the Combined 
Plan. Columbia seems, however, to 
be unrivalled in its vigorous develop- 
ment of the satellite system. In Oc- 
tober, 1954, a three-day conference 
was held by the School of Engineer- 
ing to discuss with its satellities the 
problems of the Combined Plan. 
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It was reported that over one hun- 
dred persons attended; included were 
thirteen college presidents, twenty- 
four deans, and forty professors. This 
was indeed an impressive representa- 
tion of the liberal arts hierarchy. It 
may indicate to other engineering 
schools that liberal arts colleges are 
willing, perhaps even eager, to coop- 
erate. Closer coordination between 
these important sectors of higher edu- 
vation, which have in the past tended 
to slight the values each could con- 
tribute to the other, is certainly to 
their mutual advantage. 


Background of Stratification 


The inspiration for the early strati- 
fied plans of engineering education, it 
was suggested, was the plan for na- 
tional education in France which 
emerged after the French Revolution. 
This plan set up a system of lycees 
which provided a common classical 
education for all those intending to 
pursue professional studies. The ly- 
cee-engineering school sequence is 
analogous to our liberal arts-engineer- 
ing plans. (It is interesting to note 
here that until 1852, the lycees made 
no accommodation in their curricula 
for the mathematics and _ science 
courses pre-requisite for entrance to 
their premier engineering school, the 
Ecole Polytechnic. After this date, 
however, a new arrangement called 
Bifurcation permitted those students 
interested in engineering to take these 
pre-requisite courses in the upper 
classes of the lycees. ) 

The first complete educational plan 
for engineering which stated its pur- 
pose to be education as well as train- 
ing for a vocation was tried at Rens- 
selaer Polytechnic Institute. It was 


a stratified plan following rather 
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closely the French pattern. Devel- 
oped by Prof. B. F. Greene, after he 
had visited and studied many Euro- 
pean schools, it is described in his 
report, “The True Idea of a Polytech- 
nic Institute” (1849). He wrote: “We 
may conveniently divide the instruc- 
tion of the Polytechnic Institute into 
three parts: first the Preparatory 
Course, embracing all those studies 
necessary to matriculation in the insti- 
tution; secondly, the General Course, 
constituting the foundation in gen- 
eral science and literature, on which, 
as a common basis, are erected the 
subsequent courses; and thirdly, the 
Technical Courses, which include all 
those special teachings, more or less 
peculiar to the objects of the institu- 
tion.” 

“The idea behind the General 
Course,” wrote Prof. Greene, “is that 
of a system of disciplinary culture— 
scientific, literary, philosophic, artistic 
—prior to entrance upon the study of 
any form of applied science or art.” 
The description of the General Course 
objective could be used for that of 
a lycee or a liberal arts college; the 
objective of the Technical Course was 
an attainment of engineering training 
in between that of the Ecole Centrale 
and the Ecole Polytechnic, the pre- 
mier French engineering schools. 

After this plan had been in opera- 
tion for a few years, Prof. Greene 
noted again, “. . . in respect to a part 
—Literature and Philosophy—provi- 
sions for regular instruction have been 
made but the pressure of the more es- 
sential parts of the course has hitherto 
prevented the realization of these sub- 
jects.” The pressures apparently con- 
tinued, and by 1862 the stratified plan 
of Greene was telescoped into what 
became the prototype of the conven- 
tional engineering curriculum. 
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Though the stratified plan was gone 
at Rensselaer, it was not forgotten. 
In 1893 Director P. C. Ricketts of 
Rensselaer delivered this lament to a 
national meeting of the Society for 
the Promotion of Engineering Educa- 
tion: “. . . it may be said in general 
that the engineer is not liberally edu- 
cated. Beyond his profession his 
knowledge is not great. The writer 
believes the statement that the aver- 
age man in any of the other profes- 
sions is better informed on non-profes- 
sional subjects to be a true one... 
until the school of engineering is rec- 
ognised as a post-graduate one, it can 
hardly be expected that the engineer 
will take rank among liberally edu- 
cated men to which his professional 
work justly entitles him.” 

The interesting point about Direc- 
tor Ricketts’ opinion of the ‘other pro- 
fessions’ was its comparatively recent 
validity. For some time before the 
Civil War, the professions of medi- 
cine and, particularly, of law had 
been undergoing a continual process 
of degradation from the high point of 
the Revolutionary War period. Many 
of the schools set up for training in 
these professions would accept stu- 
dents who could not obtain admission 
to any reputable college. It was the 
example of Harvard, in 1877, in re- 
quiring a bachelor’s degree from a 
reputable college, or the demonstra- 
tion of its equivalent, as a pre-requi- 
site to admission to their Law School, 
which regained for the law the status 
of a learned profession. 

In 1871, Dartmouth College, a lib- 
eral arts college, responded to the 
ideas of General Sylvanus Thayer, the 
“Father of West Point,” concerning a 
stratified program for civil engineer- 
ing education. 

A classics scholar of the class of 
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1807, who left Dartmouth just before 
graduation, Thayer went to West 
Point for engineering training. He 
graduated from West Point in 1808. 
This was not an unusual situation— 
even in the early days of Rensselaer, 
a graduate of a classical college in 
the United States “well instructed in 
general mathematics and literature” 
could, after one or two semesters at 
Rensselaer, secure the degree of Civil 
Engineer. 

The actual task of grafting an engi- 
neering school upon a liberal arts 
college required a person of consider- 
able tact and will. General Thayer 
selected Robert Fletcher, a West 
Point graduate of 1868 who had been 
a classics student at CCNY, to work 
out his ideas. 

The result was the establishment of 
the Thayer School of Civil Engineer- 
ing as an associated unit of Dartmouth 
College. It was to be a two-year 
post-graduate course and to follow 
the four-year liberal arts course at 
Dartmouth, or its equivalent. The 
accomplishment in the College, which 
was held to be pre-requisite to admis- 
sion to the Thayer School, was listed 
in a catalog of two hundred pages; 
the competency in mathematics and 
the sciences was to equal and perhaps 
exceed that required for graduation 
from the Ecole Polytechnic. 

By 1893 Dartmouth College had 
raised its entrance requirements so 
that entrance to Thayer School could 
be accomplished in three years. The 
Thayer School program remained at 
two years. An A.B. degree was given 
by Dartmouth College at the end of 
four years of study; at the end of the 
fifth and final year, the degree of Civil 
Engineer was given by the Thayer 
School. In the fall of 1940 this plan 
was extended to cover a combined 
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business administration and engineer- 
ing course; in 1945 mechanical and 
electrical engineering were included. 

In 1896 Columbia University’s en- 
gineering faculty recommended that 
a six-year stratified curriculum be es- 
tablished. Three to four years were 
to be spent in the liberal arts college, 
followed by two or three years of en- 
gineering study. A bachelor’s degree 
and an engineering degree were to be 
awarded. But this program could not 
compete with the four-year program; 
not more than a few students selected 
the course despite faculty recommen- 
dation. This apparently did not dis- 
courage the faculty, which a few years 
later re-affirmed its faith in the six- 
year program. 

In 1910 President Nicholas Murray 
Butler recommended that students 
should not enter the Schools of Ap- 
plied Science directly from secondary 
schools but only after, at least, two 
years in Columbia College, the liberal 





Vol. 47—No. 8 


arts college of the University. A four- 
year as well as a five-year stratified 
program was set up along the lines of 
President Butler's recommendations. 
In its latest catalog, Columbia’s engi- 
neering school suggests, “. . . while 
this so-called five-year course is op- 
tional at Columbia, the school most 
strongly recommends this option to all 
students who can afford this addi- 
tional year to the attainment of their 
first engineering degree.” 


The Future 


Besides those of Columbia and 
Dartmouth, stratified programs have 
existed at other institutions but have 
not persisted. What their future de- 
velopment will be under greater con- 
comitant pressures for increased en- 
gineering enrollments and _ steadily 
broadening educational concepts, re- 
mains an interesting venture to be 
observed further. 





PENN STATE SUMMER SEMINARS 


New developments in engineering will be presented at the 
Pennsylvania State University through eleven summer seminars. 
These include programs in Automation, Industrial Uses of Digital 
Computers, Electrical Contacts, and Nuclear Power Cycles, June 
9-14; Creative Engineering, and Electrostatic Precipitation, June 
16-21; Research and Development Management, July 7-12; Under- 
water Missile Engineering, July 7-19; Technical Report Writing, 
September 15-27; and Electric Utility Systems, one week in Oc- 


tober. 


Enrollment is open to graduate engineers and scientists. 


Address inquiries to T. R. Ferguson, Extension Conference Center, 
The Pennsylvania State University, University Park. 
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SOME ASPECTS OF EINSTEIN’S RELATIVITY 
IN ENGINEERING EDUCATION 


Einstein's “theory of relativity” has 
been found indispensable to the phys- 
icist and to the astronomer in their 
studies on the motions of nuclear 
particles and celestial bodies. The 
engineer, however, analyzes the be- 
havior of moving bodies on the basis 
of Newton’s laws of motion and grav- 
itation, without recourse to Einstein’s 
relativity. What, then, is the rela- 
tionship between Newton's laws and 
Einstein’s theory, and how may this 
relationship bear upon engineering 
education? 

To put it briefly, Newton’s laws pro- 
vide quantitative relationships that 
are nearly correct only when the ve- 
locities are much less than that of 
light, whereas Einstein’s theory ac- 
curately accounts for the motions of 
bodies traveling at any velocity what- 
ever. The physical concepts of New- 
ton and Einstein are vastly different, 
in spite of the close agreement of 
quantitative relationships at ordinary 
velocities. _Newton’s laws, and _ his 
concepts, fail to account for or to 
agree with some clearly observed 
phenomena that Einstein’s theory of 
relativity is able to explain. Thus, 
Newton's laws cannot be considered 
fundamentally correct. Rather, they 
should be considered to be highly 
useful approximations, based upon a 
remarkable but not entirely correct 
analysis by Newton. 

Engineering educators pride them- 
selves on emphasizing “fundamentals,” 
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as contrasted with empirical formulas 
or “how-to-do-it” methods. The situa- 
tion of Newton’s approximations ver- 
sus Einstein’s fundamental concepts 
is a case in point. Should the student 
be led to believe that Newton's laws 
are really correct, or should the true 
picture be presented to him? In nu- 
clear physics, there is no choice, since 
Newton’s laws are obviously and com- 
pletely inadequate. However, what 
about undergraduate studies of the 
dynamics of rigid bodies? It is to 
this latter field that the present dis- 
cussion will be principally confined. 


For Students? 


It is not the present writer's conten- 
tion that the student of elementary 
dynamics should be burdened with 
the mathematical approach to rela- 
tivity theory, though an introduction 
to some of the simpler concepts of 
relativity might provide an interest- 
ing incentive toward thought along 
truly fundamental lines. Some knowl- 
edge of relativity concepts on the part 
of the instructor, however, should 
contribute to his effectiveness in 
teaching engineering students about 
the dynamics of moving bodies. 

If the aim of a course is merely 
teaching students to solve today’s 
practical problems, relativity should 
be of little consequence either to the 
instructor or his students. But if our 
courses aim to train a student in the 
process of logical thinking, then 
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relativity provides excellent food for 
thought. Whether relativity is finally 
taught or not, at least Newton’s laws 
should be presented for what they are, 
useful approximations of high numer- 
ical accuracy at ordinary velocities. 

The present article will not under- 
take to offer any “thumbnail sketch” 
of the theory of relativity, but will 
endeavor to treat some of its more 
readily appreciated aspects. One of 
the theory’s basic concepts is that “ab- 
solute” motion is meaningless, and 
that only relative motion is signif- 
icant; hence the commonly used name 
for the theory. Some of the concepts 
involved in Einstein’s theory of rela- 
tivity are difficult to grasp, and re- 
quire treatment by advanced mathe- 
matics such as tensor calculus. 

Effective presentation of such con- 
cepts as the “curvature of space” 
would require treatment beyond the 
scope of the present article. How- 
ever, it may be of interest to consider 
the practical example of a rotating 
disk, where the concepts of Newton 
and Einstein can be visualized and 
compared, and then to discuss some 
of the basic physical principles related 
to this example. 


Examples 


If we have a rotating horizontal 
disk with a radial groove, and if we 
place a ball in the groove at any 
radius, we find that the ball is thrown 
from the disk. Why? From New- 
ton’s laws, we deduce that a “cen- 
trifugal” inertia force acts on the ball 
to throw it from the disk, and that 
this centrifugal force is proportional 
to the radius times the angular veloc- 
ity squared. What angular velocity 
is meant? The “absolute” angular ve- 
locity, of course, which is ordinarily 
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taken to mean the angular velocity 
relative to the earth. But is not the 
earth turning too, relative to the sun? 
Furthermore, the sun is moving rela- 
tive to the other stars in our galaxy, 
and our galaxy is moving relative to 
the more distant stars. Even the dis- 
tant stars are known to be moving 
relative to each other. 

What, then, can we take as a truly 
stationary reference in determining 
the “absolute” angular velocity of our 
rotating disk? Newton thought that 
some extremely distant bodies might 
be truly motionless. Others have 
thought that “space” itself might be 
motionless, i.e., that there might be a 
stationary massless medium (termed 
“the ether”) pervading the universe. 
However, experiments conducted on 
earth or elsewhere are fundamentally 
unable to determine whether any- 
thing is really motionless or not, since 
only the motion of one body relative 
to others is capable of detection. All 
experiments to detect the motion of 
the earth relative to any stationary 
“ether” have had negative results. 

It thus appears that we have no 
stationary reference upon which to 
base our determination of absolute 
motion. Since all we can determine 
is the motion of one body relative to 
others, why is it not justifiable to as- 
sume that our rotating disk is actually 
stationary, and that the rest of the 
universe is revolving around it, rather 
than to assume the disk itself is 
rotating? The answer must be that 
it is justifiable, and that the ball must 
be thrown from the disk in the same 
manner whether the disk is rotating, 
or whether the universe is rotating 
around the stationary disk. 

A truly fundamental study shows 
that it is only the relative motion that 
can be significant, since absolute mo- 
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tion is indeterminate and meaningless 
in the absence of any stationary ref- 
erence. Einstein recognized this sit- 
uation, and it is covered in his theory 
of relativity, in which he has stated 
the following: “All bodies of refer- 
ence are equivalent for the descrip- 
tion of natural phenomena, whatever 
may be their state of motion.” 

But if the “rotating” disk is to be 
considered stationary, then why should 
the ball be thrown from it? Newton's 
laws offer no suggestion in this re- 
spect. Einstein, however, has shown 
that when there is angular motion of 
the disk relative to the rest of the 
bodies of the universe, the gravita- 
tional effects of those bodies on the 
ball are exactly the same as the ef- 
fects that Newton attributed to cen- 
trifugal inertia force. 

Centrifugal force on the ball, fun- 
damentally, is thus only a “convenient 
fiction” (and the same is true of the 
Coriolis force), and the theory of 
relativity makes unnecessary the con- 
cepts of centrifugal and Coriolis 
forces. If the disk, with the ball rest- 
ing on it, were surrounded with a 
rotating solid ring, the ball would 
tend to be thrown from the disk just 
as if the disk were rotating, but the 
gravitational effect of any practicable 
rotating ring would actually be too 
slight to move the ball against friction. 

The distant celestial bodies may 
seem to be too far off to have impor- 
tant effects on earth, but their tre- 
mendous total mass is sufficient to 
cause the observed phenomena by 
gravitational action, and this has been 
demonstrated mathematically. If the 
disk and ball were the only objects in 
the universe, rotation of the disk 
would not throw off the ball. There 
would indeed be no way to tell that 
the disk was rotating at all. 
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The foregoing discussion of the ro- 
tating disk involves a number of basic 
principles whose expression depends 
on the meanings of such terms as 
<< . . > «eo . ”> «<< 

gravitation,” “inertia force,” and “rel- 
ative motion.” Let us examine these 
familiar terms briefly. 


Gravitation 


The engineer generally thinks of 
gravitation as the mutual attraction 
between any two bodies. But how 
can one body exert a force on an- 
other, when they are separated by 
empty space? This “action-at-a-dis- 
tance” was puzzling to Newton, as it 
still is to most persons. Einstein ex- 
plained the situation by introducing 
the concept that each body creates a 
gravitational “field” around itself, of 
indefinite extent, much like the mag- 
netic and electrostatic fields that are 
taken up in elementary physics. 

The gravitational field of any given 
body acts upon any other body, tend- 
ing to cause the bodies to move to- 
ward each other, but fundamentally 
this need not be considered the action 
of one body “attracting” the other 
body. A crude analogy may help to 
indicate the nature of this action of 
a gravitational field. 

Suppose we stretch a sheet of rub- 
ber horizontally, like a drumhead, 
and place a small marble anywhere 
on it. Then if we place a heavy ball 
on the sheet of rubber, we observe 
that the marble immediately moves to 
the heavy ball. Is this because the 
heavy ball “attracts” the marble? No. 
The heavy ball causes the rubber 
sheet to assume a form such that the 
marble moves to the heavy ball. The 
distortion of the rubber sheet, caused 
by the heavy ball, is somewhat an- 
alogous to a gravitational field (which 








the relativist visualizes as a “curva- 
ture of space”). 

The gravitational fields of any two 
bodies often have nearly (but not 
exactly ) the same effects as would at- 
tractive forces about proportional to 
the product of properties of the bod- 
ies known as their “gravitational 
masses,” and inversely proportional to 
the square of the distance between 
them. The theory of relativity shows, 
however, that gravitational effects be- 
tween two bodies are different when 
the bodies are in motion relative to 
one another. In the case of the ball 
on the rotating disk, relativity shows 
that the gravitational fields of distant 
bodies should produce exactly the ef- 
fects that we commonly ascribe to 
centrifugal and Coriolis forces. 


Inertia Force 


Newton found that a force acting 
on a body produces an acceleration 
inversely proportional to a property 
of the body that is now referred to as 
its “inertial mass.” The reaction to 
the applied force has become known 
as the “inertia force.” Newton noted 
that the gravitational mass and the 
inertial mass of any given body ap- 
peared to be identical, but he could 
not deduce any reason for this other 
than happenstance. 

Einstein showed, however, that 
gravitation and inertia are fundamen- 
tally equivalent (Einstein’s “principle 
of equivalence”), so that a body’s 
gravitational mass and inertial mass 
must be identical. To illustrate this 


equivalence, consider an elevator that 
is first at rest on the earth, and that is 
later removed far from any other body 
and is then moved in its vertical direc- 
tion with an acceleration equal to “g.” 
A person in the elevator would be un- 
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able to distinguish the gravitational 
situation from the inertial situation, 
and any experiments that he might 
perform within the elevator would ap- 
pear identical in the two situations. 

Thus inertia force in general, like 
the centrifugal force on the ball on 
the rotating disk, is not anything fun- 
damentally distinct from gravitation. 
The elevator accelerating in space 
could just as well be considered to be 
stationary, with the rest of the uni- 
verse accelerating relative to it, and 
then the phenomena occurring within 
the elevator would have to be con- 
sidered to be the effects of gravita- 
tional fields of distant bodies. 


Relative Motion of Two Points 


In elementary kinematics, we say 
that the velocity of one point relative 
to another is the vector difference be- 
tween their absolute velocities. The 
foregoing discussion has noted, how- 
ever, that absolute motion is really 
meaningless, since we have no known 
stationary reference. In the absence 
of a truly stationary reference, we or- 
dinarily consider “absolute” motion to 
mean motion relative to the earth, but 
this is not basically a sound concept. 

On our previously mentioned rotat- 
ing disk, we say that a point at a 
certain radius is moving tangentially 
with a certain velocity relative to the 
center, and thereby has an accelera- 
tion relative to the center and di- 
rected toward it. But if the disk can 
be assumed to be stationary, with the 
rest of the universe revoiving around 
it, then all points on the disk are sta- 
tionary and have no velocity or ac- 
celeration relative to the center. Thus, 
our usual concepts of relative velocity 
and relative acceleration are open to 
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serious question concerning their fun- 
damental validity. 

If the distance between two points 
is changing with time, then one point 
has a definite velocity component rela- 
tive to the other point, along the line 
joining them, no matter how we view 
the situation. Also, the rate of change 
of this relative velocity is a definite 
value of relative acceleration. How- 
ever, the motion of one point relative 
to the other, perpendicular to the line 
joining them, is fundamentally mean- 
ingless unless we introduce a refer- 
ence body such as the earth. 

If we choose a reference body other 
than the earth, then the velocity of 
the one point relative to the other 
point will be different from its value 
when the earth is the reference body. 
Fortunately, for practical engineering 
purposes, we obtain sufficiently cor- 
rect answers by assuming motion rela- 
tive to the earth to be absolute mo- 
tion. From the standpoint of funda- 
mental understanding, however, it 
seems that this fallacy should not be 
overlooked even though it may be 
safely neglected under ordinary en- 
gineering conditions. 


Variation of Mass with Velocity 


Newton believed that the mass of 
a body was an inherent property of it, 
independent of the motion of the 
body. It has been found experimen- 
tally, however, that the mass of a 
body appears to increase with its 
velocity, and appears to approach in- 
finity as the velocity approaches the 
speed of light. 

This mass increase is unmeasurable 
at the velocities acquired by bodies 
of appreciable size, but particles such 
as protons and electrons have been 
accelerated to such high velocities 


that their masses have been thereby 
greatly increased. Electrons have 
reached 99.99999 per cent of the 
speed of light, with around a thou- 
sand-fold increase of mass. Success- 
ful particle-accelerators, such as cy- 
clotrons and other “trons,” could not 
be designed without taking into ac- 
count the increase of mass with veloc- 
ity. Relativity theory accurately pre- 
dicts this dependence of mass upon 
velocity, which should be equally 
true for bodies of any size traveling 
at any velocity. 

The variation of mass with velocity 
has a fundamental bearing on the 
well-known engineering relationship 
that “force equals mass times accelera- 
tion and is in the same direction as 
the acceleration.” Actually, Newton 
said that “force equals rate of change 
of momentum” (or at least that is the 
usual translation of Newton’s Latin 
statement of his law). If we accept 
the definition that momentum is the 
product of mass times velocity, we 
can include the variation of mass with 
velocity, and solve for the force that 
would produce any given acceleration 
of a body at any given speed. 

Such an analysis shows that the 
accelerating force would have to be 
made up of two components, one of 
which is equal to the mass times ac- 
celeration and is in the direction of 
the acceleration, and the other of 
which (a function of the velocity) is 
in the direction of the velocity. This 
second component is negligible at or- 
dinary velocities, but becomes signif- 
icant at velocities approaching that of 
light. Thus our highly useful and 
usually highly accurate expression of 
F = ma is another supposedly funda- 
mental relationship that is in fact only 
an approximation of the true situation. 
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It might here be mentioned, how- 
ever, at the risk of unduly complicat- 
ing the discussion, that if the observer 
were to move along with the high- 
speed particle in an accelerator, the 
mass of the particle would then ap- 
pear to remain constant. The appar- 
ent increase in mass is a “relativistic” 
phenomenon, but it nonetheless is a 
real phenomenon that the nuclear 
physicist and his instrument designers 
must take accurately into account. 

Further discussion here of relativity 
and its concepts will be limited to the 
brief enumeration of some additional 
aspects that may be of interest to en- 
gineers, but whose detailed treatment 
is beyond the scope of the present 
article. Among these concepts are 
three that Einstein developed and 
that have been verified experimentally. 


The Precession of Mercury’s Orbit 


Newton’s laws imply that the orbit 
of a planet around the sun should be 
an ellipse whose orientation remains 
fixed, relative to the stars (except as 
influenced by other planets). Ein- 
stein’s modified law of gravitation 
showed that the orbits should slowly 
revolve or “precess,” and specifically 
that Mercury's orbit should precess 
at the rate of 43 seconds of angle per 
century (in addition to precession 
causes by other planets ). Astronomers 
have found Mercury's precession to 
check Einstein’s figures accurately. 


Miscellaneous Topics 


Gravitational Deflection of Light. 
Einstein predicted that gravitation 
should deflect light, and specifically 
that starlight grazing the sun should 
be deflected by an angle of 1.75 sec- 
onds. Astronomers’ observations taken 
during eclipses have shown this pre- 
diction to be accurate. 
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Gravitational Effect on the Fre- 
quency of Light Waves. Einstein pre- 
dicted that the gravitation of very 
dense stars should cause their light 
to have slightly lower frequency, as 
measured on earth, than similar light 
from less dense stars. “his predic- 
tion has also been found to be correct. 
Einstein stated that if any of these 
three predictions had been found 
wrong, his theory of relativity would 
have thereby been basically disproven. 

Maximum Attainable Velocity. 
Since the mass of a body appears to 
approach infinity as the velocity of 
the body approaches the speed of 
light, it follows that no body can 
equal or exceed the speed of light, 
relative to any other body. If two 
bodies are approaching each other, 
each at a speed (relative to the 
earth) nearly equal to that of light, 
their velocity relative to each other 
is still slightly below that of light. 

Their relative velocity can be read- 
ily computed with a simple expres- 
sion that involves the ratio of the 
speed of light to the product of their 
individual velocities relative to the 
earth. Thus, our common concept in 
engineering kinematics that “the rela- 
tive velocity of two bodies is the 
vector difference of their absolute 
velocities” is in fact only another ap- 
proximation that is highly accurate at 
ordinary velocities. 


Constancy of the Velocity of Light. 
Relativity theory states that the veloc- 
ity of light relative to any given body 
is the same, regardless of the velocity 
of that body relative to the source of 
the light (except that it is affected 
somewhat by gravitation). 

Mass versus Energy. Relativity im- 
plies that there is no clear distinction 
between mass and energy, so that the 
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old laws of conservation of mass and 
of energy, separately, must be com- 
bined into a single law of conserva- 
tion of mass and energy together. A 
relationship between mass and en- 
ergy is given by Einstein’s equation 
that E = mc*, where E is energy, m 
is mass, and c is the velocity of light. 
This relationship is importantly in- 
volved in nuclear reactions where the 
total mass before and after the reac- 
tion is different, and energy is given 
off or absorbed, as in the generation 
of nuclear power or the explosion of 
a nuclear bomb. It is also involved 
in the variation of mass with velocity, 
and in the deflection of light by 
gravitational fields. 


Distance versus Time. Relativity 
also implies that there is no clear dis- 
tinction between distance and time. 
The universe is presumed to be a 
four-dimensional “continuum.” How- 
ever, the four dimensions locating a 
point in the universe are not simply 
three distances and time, separately, 
but rather they are four dimensions 
ach of which involves something of 
both distance and time. Relativity 
shows that the distance between any 
two points is not an absolute quantity, 
but that it varies with the velocity of 
the observer relative to the two points 
being considered. 


Simultaneity. Relativity implies 
that it is impossible to determine 
whether any two events in different 
locations occurred simultaneously or 
not; and that observers in motion 
relative to each other may reach op- 
posite conclusions as to which event 
occurred first, even after taking the 
travel time of light into account. 
Simultaneity, like absolute motion, is 
thus found to be not only indeter- 
minate but meaningless. 
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The Universe. Relativity implies 
that the universe is finite in size, but 
is unbounded. Perhaps the best anal- 
ogy is the observation that the surface 
of a sphere is finite in area but is un- 
bounded, but it is not easy to extra- 
polate this analogy to our presumably 
four-dimensional universe. Relativity 
states that geometrical relationships 
in space do not follow Euclidean 
geometry. For example, the sum of 
the angles of a triangle in space is 
more than 180 degrees, as in the case 
of a triangle drawn on a spherical sur- 
face. From the standpoint of non- 
Euclidean geometry, light appears to 
have infinite velocity, which fact re- 
lates to its having the same velocity 
relative to any body that it strikes. 

There are various other concepts 
developed through Einstein’s theory 
of relativity, that should be of great 
interest to the thoughtful student of 
that theory, but those taken up here 
were chosen as being of particular in- 
terest to a person of engineering back- 
ground. The interested engineer can 
find a great deal of pertinent litera- 
ture on relativity, treated either de- 
scriptively or mathematically, as his 
preferences may dictate. Einstein him- 
self has written some excellent non- 
mathematical discourses on relativity, 
as well as his outstanding technical 
presentations. The present writer has 
particularly enjoyed the popular but 
accurate dissertations of Gamow and 
of Lieber on the subject of relativity. 
These and other references of the 
present writer's choice appear in the 
attached bibliography. 

It is to be noted that whereas the 
present article refers only to Newton 
and Einstein by name, the efforts of 
many scientists have contributed to 
the sciences of classical dynamics and 
of relativity, and that these two men 
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RUSSIAN ENGINEERING EDUCATION 
C. C. PERRY, M. J. LEBOW, AND H. R. LISSNER 


College of Engineering, Wayne State University 


Detroit 2, Michigan 


This paper, presented as an unscheduled “sleeper” at the Annual Meeting, 
aroused widespread interest and enthusiasm as an unusual phenomenon 
—a presentation not to be taken over-seriously. Even in its present edited 
form, it should not be approached with heavy hand or literal mind. 


While diplomatic relations between 
the United States and Russia may 
wax hot and cold with the passing of 
time, technological competition be- 
tween the two countries continues at 
a steadily increasing gait, independ- 
ent of the climate at the summit. 
Both countries have thousands of 
laboratories in which scientists and 
engineers are furiously theorizing, cal- 
culating, testing, and generally pro- 
ducing a host of new devices, tech- 
niques, and materials. 

A major aspect of this USA-USSR 
technological competition has been 
particularly mystifying, and that is, 
how a country such as Russia, with a 
much lower standard of living and 
lower annual income, can continue to 
keep up the pace. Some _ people, 
whose thinking has undoubtedly been 
colored by emotion, characteristically 
dismiss Russian technological ad- 
vancements as nothing but copies. 
Such an attitude is, however, reac- 
tionary and unrealistic. Russian ac- 
complishments may in some instances 
lag those of the United States, but 
not by far. It is also noteworthy that 
the span of the lag decreases year 
by year. 

One of the major contributing ele- 
ments to Russia’s accelerated scien- 
tific and technological activity is cer- 


tainly their large and rapidly growing 
force of engineers. Regardless of our 
many fine engineering colleges, Rus- 
sia annually graduates several times 
as many engineers. In 1955, for ex- 
ample, there were 63,000 new engi- 
neering graduates in Russia compared 
with some 23,000 in the United States. 

The real impact of this situation be- 
comes evident by comparing the fig- 
ures for 1952, in which year both 
countries graduated the same number 
of engineers, approximately 30,000. 
While we might, given unlimited re- 
sources, provide physical plant to pro- 
duce such an increase, the necessary 
qualified instructional staff is just not 
available in this country. The re- 
markable growth demonstrated by the 
Russians is rather mysterious—or was, 
until certain recent vistors to Russia 
managed a brief, illicit peek behind 
the sheepskin curtain. 


Fresh Information 


Although engineering education in 
Russia has already been the subject 
of countless papers and articles re- 
cently, the authors believe, with due 
respect to previous writers, that the 
information given here supersedes 
everything that has gone before. The 
authors feel, because of the tremend- 
ous importance to the national welfare 
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in general and to the teaching pro- 
fession in particular, that this infor- 
mation should be released at the 
earliest possible date. With the sin- 
cere hope that our act of presenting 
this material will not bring down a 
shower of censure on our heads, we 
therefore shall set forth the incredible 
basis for Russia’s ability to turn out 
so many engineers at such a low cost. 

The Russian technique is, in a 
word, AUTOMATION. They have 
turned the engineers’ favorite tool for 
production efficiency right back on its 
inventors, and are using automation 
to produce engineers. Briefly speak- 
ing, the Russians have established 
fully automatized engineering col- 
leges in which nearly all operational, 
administrative, and teaching functions 
are performed by machines. As fan- 
tastic and grossly mechanistic as this 
may sound to the skeptics among us, 
the authors are of the opinion that we 
should at least review these revolu- 
tionary techniques before we arrive 
at any judgment. We shall therefore 
describe, in as great a detail as our 
present information permits, the meth- 
ods used for automatized instruction 
in engineering. Suppose we accom- 
pany an aspiring young engineer as 
he makes application for entrance to 
the Engineering College of his choice. 


Matriculation 


The hopeful applicant is seen walk- 
ing up the steps of a large, ultra-mod- 
ern building. He is given his first 
taste of automation as the door swings 
open before him just as he is about 
to reach for it, while a voice emanat- 
ing from no apparent source wel- 
comes him to the college. Inside he 
first sees a number of young men and 
women seated at tables filling out 
forms and blanks. 
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Looking around for a clerk or re- 
ceptionist to whom he may apply, his 
eye falls on a sign directing new ap- 
plicants to a large, scientific-looking 
panel covered with lights, buttons, 
dials, and other impressive parapher- 
nalia. A legend on the panel informs 
him that by pulling the lever to his 
right he will receive an application 
blank and a special pencil for filling 
it out. 

He is to take a seat at one of the 
tables and, by checking appropriate 
items, answer all questions as to age, 
family, residence, fields of interest 
and presumed aptitudes, and so on. 
The application blank also includes 
personality, aptitude, and intelligence 
tests. He must complete filling out 
the entire blank, including the tests, 
within two hours or the application 
automatically becomes void. In com- 
bination with the fact that all applica- 
tion blanks contain different test ques- 
tions, this is enough to prevent the 
applicants from helping one another. 

Upon completing the questionnaire 
he returns it to a slot in the machine, 
which proceeds to whir and buzz for 
several seconds while lights on the 
panel blink and flash in confusing 
array. During this interval the ma- 
chine is performing a fantastic num- 
ber of operations: it is checking the 
accuracy of the applicant’s personal 
data against previously filed informa- 
tion on all secondary school gradu- 
ates; it grades and scores the aptitude, 
intelligence, and personality tests; and 
finally, the machine reviews all of the 
data on the applicant in the light of 
current quotas and makes the deci- 
sion either to reject him temporarily 
or accept him and assign him to the 
proper curriculum. 

Assuming that the applicant's test 
grades are satisfactory, that the per- 
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sonal data he supplied are accurate 
and free of exaggeration, and that the 
results of his personality and psycho- 
logical tests show him capable of 
standing up under the training and 
life of an engineer, the machine re- 
gurgitates an identification card carry- 
ing, in addition to other pertinent 
data, finger prints and a photograph 
of the applicant taken while he was 
operating the buttons on the machine. 

The applicant is then instructed by 
the machine to place his arm through 
a six inch diameter opening in the 
panel and grasp a bar which he will 
find there. When he does this, the 
machine quickly welds around _ his 
wrist a bracelet to which is attached 
a metal tag. As will be seen, the tag 
functions as a combination key and 
identification check for all intercourse 
between the student and the auto- 
mated educational system. 

With his identification card, the 
new freshman engineer receives a 
booklet of instructions explaining the 
operation of the college and setting 
forth rules of procedure to govern 
the student’s activities during his stay 
there. He learns, for example, that 
all expenses, including tuition, cloth- 
ing, room and board (a simple fare) 
are provided by the state. 

He finds that a new freshman class 
is about to convene and that he is 
to move into dormitory space already 
assigned by the registration machine. 
His first class sessions will commence 
the following morning. 

That evening he studies the rather 
voluminous instruction book and also 
begins reading the first assignments 
in the texts which he finds in his small 
room. At precisely 11:30 p.m. a voice 
states that the dormitory lights will 
be extinguished in thirty minutes and 
that he is to prepare for retiring. 
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At 7:00 the next morning he is 
awakened by the same voice and hur- 
riedly washes and dresses for break- 
fast at 7:30. After breakfast he goes 
directly to his first class which, ac- 
cording to his schedule, meets in 
Room 201. 

Upon reaching the entrance to the 
classroom, he inserts the metal tag 
on his wrist in a special slot in the 
turnstile-type door, thus allowing him 
to enter and at the same time record- 
ing his attendance. He seats himself 
in the auditorium-like room and a 
few minutes later senses a dimming 
of the lights in preparation for the 
first lecture. 

In a three-dimensional color motion 
picture with stereophonic sound, one 
of the country’s top-notch lecturers 
on the subject at hand (in this case, 
mathematics ) proceeds to present in- 
troductory material. Every known 
trick of the motion picture art is used 
to make the lecture stimulating. Dia- 
grams come alive in brilliant contrast- 
ing colors while pencils of light, ac- 
companied by appropriate sound ef- 
fects, trace out graphical relationships. 

With all of the theatrical tech- 
niques available to him, the lecturer 
is able to set forth point after point of 
fundamental importance, so presented 
and augmented by visual and audi- 
tory stimuli that student interest is 
maintained constantly at a high pitch. 
It is interesting to note that the state 
of suspended animation, bordering on 
rigor mortis, which is so common in 
American college classrooms, is un- 
heard of among Russian students. 

The general efficiency of the filmed 
lectures is further enhanced by the 
fact that there is no time lost while 
the instructor is scribbling illegibly, 
or drawing crude, neolithic-looking 
diagrams on a poorly illuminated 
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blackboard; nor while he is trying to 
impress the class with stories of his 
industrial experience, nor while using 
the fact that he has a captive audi- 
ence to expound his personal philos- 
ophies or tell his time-worn jokes. 

The motion picture lecture on 
mathematics lasts forty-five minutes, 
after which the students have a ques- 
tion-and-answer period. Answers 
have been prepared in advance for 
every question that has ever been 
asked on the subject of the lecture. 
All the students needs to do is go 
through the list of questions at his 
desk, press the appropriate combina- 
tion of buttons, and the lecturer will 
reappear on the screen. 

The lecturer then answers the ques- 
tion by presenting the material in a 
different form than he had previously 
done in his principal lecture, and 
finishes by demonstrating the equiv- 
alence of the two procedures. The 
student has the privilege of asking as 
many questions as time permits be- 
fore his next class meets. 

The other classes are handled sim- 
ilarly—brilliant lecturers, presenting 
material organized and prepared to 
perfection and strikingly illustrated 
to maintain interest and maximize re- 
tention. It is easy to imagine what 
could be done along these lines with 
course after course—statics, dynamics, 
electrical engineering, thermodynam- 
ics, chemistry, and fluid mechanics, to 
mention only a few. 

The question has been raised as to 
how the Russians manage to teach 
drafting, surveying, and the usual lab- 
oratory courses. While our informa- 
tion is not complete on this point, we 
understand that drafting as such, that 
is, the copying of numerous drawings 
from some text or workbook, has been 
relegated to the trade schools for the 
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training of technicians, and the engi- 
ners are given only what is absolutely 
needed, i.e., instruction in the prin- 
ciples of orthographic projection and 
descriptive geometry by the usual mo- 
tion picture lecture technique. 

The laboratory courses have also 
been reduced to filmed lecture-dem- 
onstrations which have been found 
much more efficient than the Amer- 
ican practice of allowing three-quar- 
ters of the students in our laboratory 
classes to indulge in several hours of 
horseplay while the remaining few 
try, under a severe handicap, to per- 
form the experiment. Certain items 
of our information make it appear 
that the Russians are now developing 
a super-laboratory in which the stu- 
dent can gain practical experience 
while every manipulation, adjustment, 
or other critical operation he makes in 
performing the experiment is being 
continuously recorded, as well as the 
outcome of the experiment. 

While discussing the motion pic- 
ture lectures, we failed to mention 
that the same lecture is repeated five 
times a week. This allows a student 
who, upon returning to his room, 
finds himself a little shaky on some 
aspect of the assignment, to return 
and attend the lecture again. His sec- 
ond (or subsequent ) attendance is re- 
corded and filed for future reference 
in compiling grades, by the attend- 
ance machine when he inserts his 
identification tag in the door. 

All students receive different home- 
work assignments, and if a student 
needs help in completing the home- 
work he can go to a hint booth where, 
with his identification tag, he can ob- 
tain hints for any or all of his prob- 
lems. If, after receiving the first hint, 
he still has trouble, he can secure a 
second and stronger hint. Any hints 
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taken are, as usual, recorded for grad- 
ing purposes. All homework is solved 
and submitted on special forms which 
are automatically graded and recorded. 

When examination time arrives, the 
student goes to a small booth which 
he opens with his identification tag. 
As he closes the door, his examination 
papers are ejected onto the desk be- 
fore him. As in the case of the home- 
work assignments, he can get several 
orders of hints from a panel in the 
booth if he needs help, but his grade 
is reduced correspondingly for any 
help taken. 

Like all other assignments, the ex- 
amination is such that it can be an- 
swered by marking appropriate spots 
on the paper, and is therefore readily 
subject to machine grading. Numer- 
ically correct answers are required 
for each problem, no credit being 
given for incomplete or partially cor- 
rect work. 

Unlimited time is allowed for com- 
pletion of the examination, but the 
grade received varies inversely with 
the time required. A special clock in 
the examination booth, like those for 
chess tournaments, indicates the rate 
at which the student's grade is being 
attenuated as he works to complete 
the examination, and thus gives him 
experience in working under pressure. 

Having described a few details of 
the academic operation of the auto- 
mated engineering colleges, we now 
turn to the administration. It should 
be evident that this system immedi- 
ately displaces all of the instructional 
faculty and staff. 

The few key men in each field who 
are featured in the filmed lectures 
are employed in industrial and mili- 
tary research and are kept available 
for revision and retakes of the films 
when necessary. Because all regis- 
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tration, paper grading, general book- 
keeping, and student record functions 
are handled by computers, the non- 
academic staff is also greatly reduced, 
to the point where only the dean’s of- 
fices, buildings and grounds depart- 
ments, and a crew of projectionists 
and technicians for maintaining the 
machines remains. 

It has come to our attention, inci- 
dentally, that soon after the inaugura- 
tion of this system it became evident 
that the deans and department heads 
were not performing any useful func- 
tion, and that their secretaries were 
actually conducting the affairs of the 
college. All deans and department 
heads were therefore removed, and 
while it is not known for certain 
what happened to them, we under- 
stand that most of them were sent to 
the communal farms and given tasks 
more in keeping with their aptitudes. 

Evidently the Russians have 
achieved a tremendous reduction in 
the cost per student by introducing 
automation into education. It is du- 
bious, however, whether automatized 
education would be recommended for 
this country on the basis of economic 
gains alone. Considering the pay 
scales of the projectionists and tech- 
nicians, in contrast to those of the 
teaching staff, it appears that little if 
any money would be saved. While 
our present teaching system is ad- 
mittedly inefficient, it has the advan- 
tage of operating on cheap if not 
slave labor. 

It is notable that—as in our domes- 
tic system—the buildings and grounds 
department has retained its position 
as the most powerful arm of the uni- 
versity. We are informed that the 
automatic education system has in 
fact been used as a means for still 
further enlarging their bailiwick. 
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The Russians are well aware of this 
situation, and are currently working 
on techniques for eliminating the 
buildings and grounds departments 
altogether. This too would be diffi- 
cult to accomplish in the United 
States, because now that our relief 
organizations such as the WPA have 
been disbanded, we really have no 
means for absorbing such a large 
group of non-productive people into 
our society. 

Some American educators who have 
been privately contacted have scoffed 
at the Russian system on the basis 
that motivation for the student is 
lacking. What, they ask, can replace 
the personal guidance and stimula- 
tion supplied by direct contact with 
the teacher? While there are, of 
course, exceptions, the American col- 
lege teacher is apt to be a rather poor 
specimen from the viewpoint of stim- 
ulating the student. 

The great bulk of college teachers 
are in their profession because, albeit 
the pay is low, the security is infinite 
and the responsibility is nil. Add to 
this the preoccupation of the typical 
engineering professor with writing his 
book, or carrying on his consulting 
practice, or trying to maintain peace 
at home while dallying with the secre- 
tary, and we may well wonder about 
his value as a source of enlightened 
stimulation to the student. 

In contrast, the Russians have elim- 
inated unscientific sentimentalities and 
traditions, such as the supposed stim- 
ulation of the student by the instruc- 
tor, from the educational process, in 
favor of the strictly scientific ap- 
proach. They have consulted the 
psychologists Pavlov and Obochevsky 
(the Russian Freud) to discover the 
strongest factors of motivation and 
have, of course, found them to be 
food and sex. 
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So, while grades are still assigned 
to students to determine their relative 
standing, the student is motivated to 
even greater accomplishment by suit- 
able rewards for his efforts based on 
fundamental psychological data. Thus, 
many a delicious dish is enjoyed by 
the honor student. 

Reassessment of accomplishment is 
made at carefully determined inter- 
vals to keep the student's interest at 
fever pitch. Incidentally, this system 
of rewards used as motivation is also 
responsible for the fact that there is 
a long waiting list of applicants for 
entrance to engineering schools. 

Further advantages in avoiding per- 
sonal contact between the teacher and 
student accrue from the elimination 
of personality as a factor in grades. 
The automatized education system 
produces grades which are a true in- 
dex to the student's technological abil- 
ity and are in no way related to how 
loudly he may laugh at an instructor's 
jokes. While not ignoring the impor- 
tance of personality, the Russians be- 
lieve in separating it from academic 
ability, and thus test the two charac- 
teristics independently. 

The students receive report cards 
regularly from the grade-dispensing 
machine. These are supplemented by 
occasional commendatory or warning 
notes, according to the caliber of the 
work he has been doing. If a stu- 
dent’s grades reach the point of unac- 
ceptability, he receives a notice from 
the grade-dispensing machine that he 
is being expelled. 

Expulsion is a rather coraplicated 
process, but is essentially registration 
in reverse—including many more psy- 
chological and aptitude tests. The 
automatized education system re-an- 
alyzes, of course, the student’s original 
registration data and all other data 
accumulated during his stay at the 
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school, in order to determine the rea- 
son for having misjudged him initially. 

This information is stored in a cen- 
tral memory unit to assist in selecting 
and guiding future students. Expul- 
sions are very rare in the automated 
educational system, though, because 
of the objectivity in the initial selec- 
tion process and because of the stigma 
(with records ) which follows the ex- 
pelled student for the remainder of 
his life. 


Graduation 


For students who successfully com- 
plete the entire curriculum, there are, 
naturally, graduation exercises. An 
appropriate graduation speech is first 
presented (on film, of course) to the 
assembled degree candidates, who 
then solemnly march in single file 
past a large BESM machine, the Rus- 
sian equivalent of our IBM, which, 
upon insertion of the identification 
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tag, disgorges to each graduate a 
diploma in the form of a punched 
‘ard, done up with a red ribbon. The 
card contains complete information 
on the grades, personality, and apti- 
tude of the graduate, as well as his 
first industrial assignment and start- 
ing pay. 


The End 


Our description of the Russian sys- 
tem for rushin’ engineering education 
is admittedly incomplete and may, in 
fact, be in error on some minor points 
as a result of the circuitous path 
through which we obtained our in- 
formation. Although the tremendous 
importance of the subject matter may 
in part compensate for occasional in- 
accuracies, the authors respectfully 
ask the indulgence of the reader and 
trust that the information will be re- 
ceived in the same spirit in which it 
is offered. 





NUCLEAR TESTS SYMPOSIUM 


Nondestructive tests developed in the field of nuclear energy 
will be the subject of a symposium to be held at the Morrison Hotel, 


Chicago, Illinois, on April 16, 17, and 18. 


Information resulting 


from 15 years of research and development in nuclear testing ap- 
plications will be discussed for the benefit of those interested in 
applying nondestructive test methods to industrial applications. 


Recently declassified papers will be presented. 


They will be 


divided into three categories: reactor materials, including fuel, 
sheath or cladding, control and moderator material; completed fuel 


assemblies; and miscellaneous. 


Papers will be presented in the morning and afternoon sessions 
each day, and in the evening of the first and second days there will 
be panel discussions in which the authors on the day’s program will 


take part. 


The symposium is being sponsored jointly by the Amer- 


ican Institute of Chemical Engineers, the American Nuclear Society, 
the American Society for Testing Materials, and the Society for 


Non-Destructive Testing. 
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Teaching and learning are partners 
in the business of education. It is 
the teacher’s job to help the student 
improve his ability to learn. The 
teacher knows that interest spurs ef- 
fort, that an inquiring mind is the 
mainspring of the learning process. 
The successful teacher is continually 
appraising the effectiveness of his 
teaching. If a student fails to learn, 
is a cause his mental attitude toward 
his studies? Is it indifference, or lack 
of aptitude, or inability to grasp the 
meaning of study assignments? 

In any case, the teacher must earn 
the student's confidence and full co- 
operation. It is not enough to dis- 
pense facts, explain theory, and an- 
swer questions. He cannot impart 
knowledge until the student has ac- 
quired the desire and ability to learn. 

By showing a genuine interest in 
the student as an individual, how- 
ever, the instructor can transmit some 
of his own enthusiasm and create ini- 
tiative that will impel the student to 
taste the satisfaction of learning by 
his own effort. Therefore the stu- 
dent learns best when the teacher 
gets him started in the right direction, 


shows him how to use the tools that 
he will need, and then incites him to 
explore a particular field of knowl- 
edge for himself. 


Graphic Approach 


The freshman enters college with 
a healthy curiosity and an earnest de- 
sire to learn. In most cases, however, 
he does not know how to study. Too 
often he concentrates on memorizing 
facts and figures without understand- 
ing what he reads. Lacking guid- 
ance, he is apt to falter and stumble 
when the going is rough. Although 
he is eager to gain a full mental grasp 
of the subject, he often misses the 
central idea that clarifies its meaning. 

Here the graphic approach offers 
him a helping hand when he needs it 
most. It awakens his mind by put- 
ting into lifelike pictures many things 
of which he has been only vaguely 
aware. While he studies, it translates 
his thoughts into pictures that tell 
their story clearly and completely. 
He welcomes this reliable guide to a 
better understanding of his study 
assignments. 

The graphic approach is based on 
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the principle that the eye is the open 
door to the mind. Educators agree 
that most students learn faster and 
better from what they see in pictures 
and demonstrations than from the 
words they read in books or hear in 
lectures. Students prefer textbooks 
that contain many clarifying illustra- 
tions and they like teachers who ex- 
plain things well by making effective 
use of visual aids to learning. 

An enlightening picture spreads 
a message before student eyes, holds 
his attention, and makes it easy for 
him to understand its meaning. In 
this setting we can define the graphic 
approach to learning. It is a con- 
sistent plan to make students picture- 
minded, taking advantage of the 
strong appeal that pictures have for 
everyone, utilizing all forms of graphic 
expression, and helping the student 
develop the ability to form images in 
his mind in order to organize his 
thoughts and express his ideas. 

Visual aids to learning include 
many forms of illustration that give 
the student indirect experience by 
portraying true-life situations. Mod- 
els, mechanized demonstrations, mo- 
tion pictures, television, film strips, 
projector slides, and photographs are 
effective visual aids, particularly when 
instruction deals with physical objects 
and relationships. Another class of 
visual aids includes drawings, sketches, 
maps, charts, graphs, and diagrams, 
that convey meaning clearly by the 
use of lines, areas, and symbols. 

Sketches, graphs, and diagrams can 
be drawn quickly on the blackboard, 
using colored chalk for comparison 
and emphasis, and they can be read- 
ily adapted to suit the topic at hand. 
Blackboard sketches have the further 
advantage of permitting the teacher 
to explain the meaning of each aspect 
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of the graph as he develops it, and 
the student can participate by asking 
questions and offering suggestions. 
When sketches and graphs are re- 
quired as a part of homework assign- 
ments, they also give the student an 
opportunity to express his ideas in 
graphic form. This method increases 
the effectiveness of graphic aids. 


Writing and Reading Graphically 


For best results, however, the stu- 
dent must be taught how to write as 
well as read graphic language. As 
soon as he enters college, the engi- 
neering freshman starts a course in 
engineering drawing which teaches 
him the principles and methods of 
graphic expression, with emphasis on 
technical sketching and reading. 

Although largely devoted to shape 
description and dimensioning of ma- 
chine parts, many drawing courses 
now provide also an introduction to 
charts and graphs. Before he can 
draw a sketch or graph on paper, the 
student must see the corresponding 
picture in his mind. This exercise of 
mental vision puts his imagination to 
work and helps to develop his power 
of visualization. When he reaches 
out into a dim vista of words and 
numbers and tries to grasp the reality 
of their meaning, he learns how to 
translate his thoughts into meaning- 
ful lines on paper, so that the result 
will be unmistakably clear and effec- 
tive. This requires accurate observa- 
tion, exact thinking, and good judg- 
ment in the choice of graphic methods. 

With continued practice the stu- 
dent becomes aware of the graphic 
nature of things. He welcomes the op- 
portunity to express his ideas by means 
of sketches and graphs. Graphic ex- 
pression fosters the growth of graphic 
insight. It clarifies his thinking, gives 
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direction and purpose to his studies, 
and makes learning more efficient. 

Facility in the use of graphic meth- 
ods is a necessary skill in teaching 
and learning mathematics and science, 
economics and engineering. The pic- 
ture method of teaching and its help- 
ful companion, the picture-sketching 
approach to learning, promise to 
lighten the task of education for the 
teacher and student alike. 


In Other Subjects 


It will be helpful to show how the 
graphic approach insures more effec- 
tive teaching of mathematics, phys- 
ics, mechanics, and other courses. 
Mathematics is clarified by a liberal 
use of graphs. Geometry, dealing 
with lines, planes, surfaces, and solids, 
requires continual reference to draw- 
ings in the textbook and on the black- 
board. In teaching calculus, the con- 
cept of integration is made real to 
the student by drawing the curve of 
an equation and adding up the area 
between definite boundaries under 
the curve. 

The graphic method of vectors has 
many useful applications in physics, 
mechanics, kinematics, and electrical 
engineering. In the study of these 
courses the mind pictures a force as 
a vector, a straight line with an arrow 
head on it, drawn parallel to the di- 
rection of the force. Its length rep- 
resents the magnitude of the force 
and the arrowhead shows which way 
the force acts. Several forces may be 
combined in a vector diagram to de- 
termine their resultant, or to find the 
reactions, shear, and bending moment 
of a loaded beam. The Maxwell dia- 
gram, formed by combining several 
vector polygons, is used to determine 
the amount and kind of stress in each 
member of a framed structure. 
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In kinematics, vectors are indispen- 
sable for representing displacement, 
velocity, and acceleration, which form 
a solid base for the study of all mech- 
anisms. Geologists draw isometric 
panel diagrams to show the relative 
position, extent, and slope of rock 
formations. 

Economics depends upon charts 
and diagrams to give tangible mean- 
ing to trends, organization, and the 
flow of earning and spending. A pair 
of pie charts pictures the breakdown 
of the tax dollar to show where the 
money comes from and how it will 
be spent. The break-even chart re- 
veals the critical point of profit or loss 
in the operation of a business venture. 
In many ways graphic methods prove 
their value by making difficult courses 
easier to understand. 


Creative Process 

Creative engineering begins with 
practical ideas in the engineer's mind. 
These ideas are the fruit of a fertile 
imagination whose roots are deep in 
the rich soil of experience. Fruitful 
ideas ripen in a favorable mental 
climate, and when they are combined 
with related ideas and properly de- 
veloped, they grow into the master 
plan for the achievement visualized 
by the engineer. This thoughtful proc- 
ess requires originality, resourceful- 
ness, and a constructive imagination. 

Project engineers recommend the 
study of descriptive geometry as the 
best way to start developing these es- 
sential mental aptitudes. As the sci- 
ence of graphic expression, descrip- 
tive geometry puts into practice the 
engineer's method of thinking each 
problem through to a successful con- 
clusion before drafting the correct 
solution according to plan. It gives 
the freshman valuable experience in 
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building with ideas the right kind of 
foundation for creative engineering. 

The graphic approach provides a 
convenient outlet for inventive talent. 
When the habit of graphic thinking 
awakens the spark of genius in the 
mind of a gifted student, it releases 
bright, new ideas that are eager to 
escape on the wings of graphic ex- 
pression. These fledgling ideas need 
to be tested for practical application 
on the drawing board and in the 
laboratory. 

When strengthened by experience 
and adapted by ingenuity, such new 
ideas are cleverly developed into use- 
ful products. Modern invention is 
often a team-work project in which 
several creative minds work together 
and exchange ideas by means of tech- 
nical sketches to ensure the most ef- 
ficient and economical design. But 
creative engineering does not require 
that the student be endowed with na- 
tive talent. 

The continued use of graphic meth- 
ods of thought and expression builds 
up in the mind a sense of perspective 
that is full of meaning in the domain 
of mental vision. This acquired apti- 
tude of graphic insight widens the 
horizons of perception and it gives 
the student the ability to conceive 
many creative ideas that have useful 
engineering applications. 


As Mental Development 


To appreciate the educational value 
of the graphic approach we must con- 
sider its impact on the mental devel- 
opment of the student. It improves 
his learning ability by adding a new 
dimension to his thought pattern. 

The study of engineering drawing 
and descriptive geometry requires vis- 
ualization of problems in three dimen- 
sions, emphasizing the direction of 
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sight and the importance of a favor- 
able point of view. The third dimen- 
sion sharpens the focus of mental vi- 
sion to bring out details in bold relief. 
Illuminating dim corners of the mind, 
it transforms vague outlines into a 
bright perspective. But every picture 
has its blind side where hidden de- 
tails may be overlooked. 

Aware of this danger, the alert stu- 
dent weighs the merits of several 
view-points and selects the one that 
gives the picture its most meaningful 
aspect. Thus it is easy to form a men- 
tal image of a solid object or of a com- 
bination of lines and planes, but how 
can he visualize an abstract theorem? 
In study assignments he is confronted 
by definitions, principles, analysis of 
problems, methods of attack, rules, 
derivation of formulas, and results of 
experiments. How can he apply the 
graphic approach to improve his study 
habits? He should have a plan of 
study and a definite objective. 

Elementary textbooks usually ex- 
plain every detail of the subject with 
many helpful illustrations and appro- 
priate examples to show how to put 
the principles into practice. Thus the 
author leads the student by the hand 
along the path of learning. But this 
support is gradually withdrawn as a 
more rigorous treatment is adopted in 
technical courses, so that the student 
must learn to walk alone across the 
gaps between guideposts suggested in 
the text. 


Abstract vs. Concrete 


When the student encounters an 
abstract theorem and tries to grasp its 
meaning, he usually endeavors to 
compare the new principle with some 
familiar concept in his past experi- 
ence. This analogy often denotes 
similarity of relations instead of any 
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resemblance of the things themselves. 
It is important to discover the funda- 
mental idea and make sure that the 
analogy holds at essential points. 
Correct perception requires insight. 
Here the ability to visualize every 
aspect of a situation and the mental 
habit of comparing properties, condi- 
tions, and results in a graphic frame 
of reference help the student trans- 
late abstract principles into tangible 
applications. For example, in the 
study of the electron microscope the 
rubber model is used to verify the 
theoretical tracing of electron paths 
through the electrostatic field between 
electrodes. 

A thin membrane of surgical rub- 
ber is stretched over an electrode 
model, forming hill and valley fea- 
tures like a relief map, so that its 
height at any point represents the 
electric potential at that point. Then 
the horizontal projection of the path 
of a steel ball bearing rolling down 
the sloping surface of the membrane 
due to the force of gravity is identical 
with the path of an electron in the 
corresponding system. The top view 
of the electron path is recorded on 
a time-exposure photograph. The 
camera is directed downward at the 
shining steel ball as it rolls down the 
steepest slope of the model. This 
graphic analogy provides an accurate 
check on the mathematical approach 
to electron path plotting. 


Design Facility 


Many engineering graduates start 
their professional work in the research 
and development department of an 
industrial concern. As their duties 
are directly related to the design fun- 
tion of engineering, they are expected 
to have a good working knowledge of 
the engineering sciences as well as 
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practical creative ability. They should 
be proficient in the effective use of all 
three languages of the engineer—Eng- 
lish, mathematics, and graphics. 

When words fail—and they are of- 
ten inadequate—a clarifying sketch or 
enlightening chart will usually put 
the idea across immediately. The 
mathematics involved in modern re- 
search is often baffling in its complex- 
ity. In such cases a straightforward 
graphic analysis provides a valuable 
check on the mathematical solution 
and it spreads out before the eyes a 
clear picture of the entire problem, 
revealing aspects that may have been 
overlooked. Research and develop- 
ment projects involve teamwork as- 
signments that demand a free ex- 
change of ideas. Here ease in graphic 
expression is indispensable. 

Graphics is not a spoken language, 
but the pencil speaks with an eloquent 
voice whenever it is used to make a 
quick sketch that everybody under- 
stands. Clever sketching ability is not 
a gift, but a habit. It is our duty as 
teachers to see that every engineering 
student makes effective sketching his 
constant habit of expression. 

Engineering education is primarily 
an opportunity to develop special tal- 
ents that the student can use effec- 
tively to give greater service in the 
world and thus to make his own life 
more successful. The benefits of edu- 
cation depend upon the effort that 
the student puts into it. 

Let the teacher show him what to 
study and how to learn. After col- 
lege studies are completed, self-edu- 
cation must continue for professional 
development. The forward-looking 
student of today needs the graphic 
approach to engineering education to 
prepare him for the dynamic chal- 
lenge of unlimited engineering op- 
portunities tomorrow. 











NEW MEMBERS OF THE 


As of January 3, 1957 


ALLAN, Epwarp R., Jr., Section Head, 
Industrial Engineering Department, 
General Motors Institute, Flint, Mich. 
H. M. Dent, C. A. Brown. 

Antuur, Rosert M., Assistant Professor 
of Civil Engineering, Rose Polytechnic 
Institute, Terre Haute, Ind. T. A. 
Duwelius, R. H. F. Pao. 

Au, Cuar.es E., Instructor in Applied 
Mathematics, University of Colorado, 
Boulder. L. Rutland, C. A. Hutchin- 
son. 

Bonin, JAMEs A., Assistant Instructor in 
Electrical Engineering, Marquette Uni- 
versity, Milwaukee, Wis. A. C. Moel- 
ler, R. J. Kipp. 

Branson, Dan E., Assistant Professor of 
Civil Engineering, Alabama Polytech- 
nic Institute, Auburn. E. I. Brown II, 
J. Hannum. 

Case, Paut E., Staff Advisor, Training 
Department, Arabian American Oil 
Company, Dhahran, Saudi, Arabia. 
C. K. Weidner, W. L. Collins. 

CHEN, ALFRED T., Instructor in Mathe- 
matics, University of Louisville, Louis- 
ville, Ky. L. B. Jenkins, Jr., A. H. 
Barnes. 

Duke, ELmMer, Manufacturers Represent- 
ative, V & E Manufacturing Company, 
P. O. Box 6181, Nashville, Tenn. A. 
Jorgensen, S. Shore. 

Evper, Gerorce, College Employment 
Coordinator, Personnel Department, 
New York Telephone Company, New 
York, N. Y. D. S. Bridgman, E. E. 
Bertleson. 

FABIAN, R. Craic, Supervisor, Univer- 
sity Relations Department, Westing- 
house Electric Corporation, East Pitts- 
burgh, Pa. G. D. Lobingier, C. H. 
Ebert. 

Finet, Lewis R., Head of Chemistry 
Technology, New York Community 
College, Brooklyn, N. Y. J. E. Krauss, 
J. J. DeFrance. 
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GasKELL, Rosert E., Supervisor, Mathe- 
matical Services Unit, Boeing Airplane 
Company, Seattle, Wash. W. G. War- 
nock, O. C. Kreider. 

GvuERRERO, ErAsMO T., Head, Petroleum 
Production Engineering, The Univer- 
sity of Tulsa, Tulsa, Okla. R. L. Lan- 
genheim, W. B. Bleakley. 

Gray, Hamitton, Chairman, Civil Engi- 
neering Department, The Ohio State 
University, Columbus. K. W. Cosens, 
E. H. Karrer. 

Hopson, Harry, Chairman of Civil Engi- 
neering Science, Brigham Young Uni- 
versity, Provo, Utah. D. K. Fuhri- 
man, B. Brown. 

Jounston, E. Russevzi, Jr., Associate 
Professor of Civil Engineering, Lehigh 
University, Bethlehem, Pa. J. C. Os- 
born, J. J. Karakash. 

Kincsep, Orto, Shop Director, Provin- 
cial Institute of Technology and Art, 
Calgary, Alberta, Canada. E. W. 
Wood, W. Partin. 

Marron, JOHN F., Assistant Professor of 
Civil Engineering, University of Miami, 
Coral Gables, Fla. J. E. Branch, M. 
I. Mantell. 

MatTHEws, JAMEs B., Instructor in Me- 
chanical Engineering, Rose Polytech- 
nic Institute, Terre Haute, Ind. I. P. 
Hooper, E. H. Eckerman. 

Miter, Ricuarp H., Associate Professor 
of Civil Engineering, Villanova Uni- 
versity, Villanova, Pa. J. S. More- 
house, J. J. Gallen. 

McComas, Stuart T., Assistant Instruc- 
tor in Mechanical Engineering, Mar- 
quette University, Milwaukee, Wis. 
J. E. Schoen, R. P. Reichl. 

McKevirtt, Joun, Assistant Professor of 
Civil Engineering, Marquette Univer- 
sity, Milwaukee, Wis. R. J. Kipp, R. 
E. Boeck. 

Orr, Vinci, Professor of Chemical En- 
gineering, Louisiana Polytechnic Insti- 
tute, Ruston, La. B. T. Bogard, J. J. 
Thigpen. 
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PossAMAI, RicHarp, Instructor in Phys- 
ics, Newark College of Engineering, 
Newark, N. J.P. O. Hoffman, B. T. 
Kingery. 

PRAEMASSING, GEORGE N., Lecturer in 
Drawing Mechanics and Design, Uni- 
versity of Buffalo, Buffalo, N. Y. J. A. 
Beane, R. E. Shaffer. 

SAMPSON, JAMEs P., Assistant Professor 
of Architectural Engineering, Univer- 
sity of Miami, Miami, Fla. J. E. 
Branch, M. I. Mantell. 


SCHWALLER, RicHarD L., Instructor in 
Mathematics, Marquette University, 
Milwaukee, Wis. R. J. Kipp, E. J. 
Weiter. 

ScHwartz, Ricuarp H., Lecturer in 
Civil Engineering, City College of 
New York, New York, N. Y. H. G. 
Lorsch, G. A. Olsen. 

SEAMES, ALBERT E., Assistant Professor 
of Drawing, Mechanics, and Design, 
University of Buffalo, Buffalo, N. Y. 
R. E. Shaffer, R. Kleinschmidt. 

Suuck, Lyte G., II, Instructor, Capitol 
Radio Engineering Institute, Washing- 
ton, D. C. Albert Preisman, J. P. 
Evans. 


SORENSEN, GENE L., Chief Laboratory 
Instructor, Capitol Radio Engineering 
Institute, Washington, D. C. Albert 
Preisman, J. P. Evans. 


SPENCER, DONALD L., Assistant Professor 
of Mechanical Engineering, State Uni- 
versity of Iowa, Iowa City. J. J. 
O’Mara, R. J. Wheeler. 

SPINNEY, FRepERICK B., Assistant Pro- 
fessor, Mechanical Department, Uni- 
versity of New Brunswick, Federicton, 
N. B., Canada. W. G. Mitchell, E. O. 
Turner. 


STELLRECHT, DoNALp H., Instructor in 
Drawing, Mechanics and Design, Uni- 
versity of Buffalo, Buffalo, N. Y. R. 
E. Shaffer, J. A. Beane. 

Strout, KorHLer S., Assistant Professor 
of Mining Engineering, Montana 
School of Mines, Butte. J. H. Albert- 
son, D. C. McAuliffe. 
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STRAIN, Boyp P., Jr., Instructor in 
Civil Engineering, Howard University, 
Washington 1, D. C. R. M. Jones, 
K. K. Keith. 

Szews, ALFRED P., Assistant Instructor 
in Electrical Engineering, Marquette 
University, Milwaukee, Wis. R. J. 
Kipp, J. Douglas. 

Tay.Lor, LEONARD H., Associate Profes- 
sor of Heating and Air Conditioning, 
Southern Technical Institute, Cham- 
blee, Ga. L. V. Johnson, W. R. Hal- 
stead. 

Tuer, STANLEY R., Instructor in Engi- 
neering Drawing, University of Notre 
Dame, South Bend, Ind. H. P. Ackert, 
J. E. Houghton. 

Tripico, Joun J., Chief Theory Instruc- 
tor, Capitol Radio Enginering Insti- 
tute, Washington, D. C. Albert Preis- 
man, J. P. Evans. 

TRIMBLE, Lovis P., Instructor in Human- 
istic-Social, University of Washington, 
Seattle 15. J. Higbee, S. W. Chap- 
man. 

TRITSCHLER, RENE J., Manager of Engi- 
neering Education, IBM Laboratory, 
P. O. Box 390, Poughkeepsie, N. Y. 
D. B. Miller, W. J. Hennessy. 

UpTHEGROVE, WILLIAM R., Assistant 
Professor and Chairman of Metallurg- 
ical Engineering, University of Okla- 
homa, Norman. D. B. Turkington, 
J. H. Thomas. 

WALTON, WARREN W., JR., Assistant Pro- 
fessor of Mechanical Engineering, Uni- 
versity of Kentucky, Lexington. M. 
Baker, R. E. Shaver. 

WATERHOUSE, LEON J., Sales Manager, 
Drafting Supplies Department, V & E 
Manufacturing Company, Pasadena, 
Calif. A. Jorgensen, S. Shore. 

Wuitinc, Rospert L., Professor and 
Head of Petroleum Engineerit.g, A. & 
M. College of Texas, College Station. 
J. G. McGuire, J. C. Calhoun, Jr. 

Wik, Henry A., Coordinator of College 
Co-op, Technical Training Section, 
Chrysler Corporation, Detroit, Mich. 


S. J. Hirschfield, R. F. Robichand. 
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Wintz, WituiaM A., JR., Associate Pro- 
fessor of Civil Engineering, Louisiana 
State University, Baton Rouge. F. J. 
Germano, W. P. Wallace. 

ZANONI ALPHONSE E., Assistant Instruc- 
tor in Mechanics, Marquette Univer- 
sity, Milwaukee, Wis. W. G. Murphy, 
R. E. Harloff. 

Z1iELINSKI, PAut B., Assistant Instructor 
in Mechanics, Marquette University, 
Milwaukee, Wis. R. J. Kipp, W. G. 
Murphy. 


As of January 24 


Amstutz, G. Curis, Associate Professor 
of Geology, University of Missouri, 
Columbia. L. M. Morris, A. W. 
Schlechten. 

AmunbDsoN, NEAL Russeux, Professor 
and Head of Chemical Engineering, 
University of Minnesota, Minneapolis. 
H. S. Isbin, N. H. Ceaglske. 

Barr, Haroip T., Head of Agricultural 
Engineering, Louisiana State Univer- 
sity, Baton Rouge. F. T. Carroll, Jr., 
G. F. Mattes. 

Boreckt, THeopore B., Assistant Pro- 
fessor of Industrial Engineering, Pratt 
Institute, Brooklyn, N. Y. W. E. Wil- 
son, D. Zelios. 

Burris, Conrap T., Instructor in Chem- 
istry, Manhattan College, New York, 
N. Y. J. McCabe, A. Leo. 

Ca.kins, JAy, Instructor in Mechanical 
Engineering, University of Maine, 
Orono. J. R. Lyman, F. J. Sullivan. 

Cooke, Morris L., Consulting Engineer 
in Management, St. George’s Road, 
Chestnut Hill, Philadelphia, Pa. W. 
L. Everitt, W. L. Collins. 

Crompton, Ricuarp H., Instructor in 
Electrical Engineering, University of 
Connecticut, Storrs. J. L. C. Lof, G. 
S. Timoshenko. 

DarpdEN, THomMas F., Administrator, 
Industrial Training Administration, 
Northrop Aircraft, Inc., Hawthorne, 
Calif. W. L. Collins, R. R. O'Neill. 

DasHerR, BENJAMIN J., Director, School 
of Electrical Engineering, Georgia In- 
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stitute of Technology, Atlanta. E. R. 
Weston, F. O. Nottingham. 

Drake, Rosert L., Instructor in Elec- 
trical Engineering, Tulane University, 
New Orleans, La. J. A. Cronvich, D. 
H. Vliet. 

Eustis, Irvine N., Instructor in Draw- 
ing, University of Alabama, University. 
C. P. Hayes, J. A. Bennett. 

FROUNFELKER, ROBERT E., Assistant Pro- 
fessor of Mathematics, Marquette Uni- 
versity, Milwaukee, Wis. A. B. 
Drought, R. J. Kipp. 

Gates, CHarLeEs D., Associate Professor 
of Civil Engineering, Cornell Univer- 
sity, Ithaca, U. Y. N. A. Christensen, 
A. J. McNair. 

Haicut, Haroitp W., Instructor in Ap- 
plied Mechanics, University of Kansas, 
Lawrence. K. C. Deemer, D. W. 
Appel. 

Harrawoop, Pau, Instructor in Civil 
Engineering, Duke University, Dur- 
ham, N. C. J. L. Artley, R. S. Rowe. 

Haynes, Basix J., Lecturer in Civil En- 
gineering, University of Toronto, To- 
ronto, Ontario, Canada. O. J. Mar- 
shall, W. J. T. Wright. 

Hitt, W. D., Jr., Coordinator of Co- 
op Program, Engineering Personnel, 
Chance Vought Aircraft, Dallas, Tex. 
B. J. Armstrong, A. I. Sibila. 

KauFMAN, Lucite B., Assistant Profes- 
sor of Engineering, Arizona State Col- 
lege, Tempe. G. C. Beakley, L. P. 
Thompson. 

KELLEY, JOHN R., Chief Instructor, Home 
Study Division, Capitol Radio Engi- 
neering Institute, 3224 16th Street, 
N.W., Washington, D. C. A. Preis- 
man, J. P. Evans. 

KIMBRELL, JAcK T., Associate Professor 
of Mechanical Engineering, State Col- 
lege of Washington, Pullman. E. G. 
Ericson, R. H. Nelson. 

Kinc, Rosert K., Instructor in Mathe- 
matics and Science, Tri-State College, 
Angola, Ind. A. Parratt, L. S. Ax. 

KIRKPATRICK, Epwarp T., Instructor in 
Mechanical Engineering, Carnegie In- 








698 JOURNAL OF ENGINEERING EDUCATION 


stitute of Technology, Pittsburgh, Pa. 
B. R. Teare, Jr., W. Forstall, Jr. 

LONsDALE, Epwarp M., Professor of 
Electrical Engineering, University of 
Wyoming, Laramie. V. O. Long, E. 
J. Lindahl. 

LUTERANCIK, BERNARD J., Instructor in 
Civil Engineering, University of Pitts- 
burgh, Pittsburgh, Pa. R. F. Edgar, 
R. K. Lightholder. 

Moore, Witu1AM H., Sr., Instructor in 
Mechanical Engineering, Long Island 
Agricultural and Technical Institute, 
Farmingdale, N. Y. D. W. Allee, W. 
W. Rogers. 

MoszorcG, Rosert J., Assistant Professor 
of Civil Engineering, University of 
Illinois, Urbana. W. J. Austin, W. L. 
Collins. 

My rore, WiLLA W., Associate Professor 
of Civil Engineering, Purdue Univer- 
sity, Lafayette, Ind. W. J. Luzadder, 
K. E. Botkin. 

Nose, Wiey B., Vice President in En- 
gineering, Reed Roller Bit Company, 
Houston, Tex. F. H. Berleth, F. M. 
Tiller. 

Norris, Doucias M., Jr., Instructor in 
Engineering, Jackson Junior College, 
Jackson, Mich. B. M. Riggs, A. W. 
Leighton. 

Pare, F. WriuiaAM, Assistant Professor 
of Physics, University of Cincinnati, 
Cincinnati, Ohio. W. E. Restemeyer, 
H. K. Justice. 

Patrick, JoHN S., Manager of Technical 
Department, Shell Co. of Japan, Cen- 
tral, P. O. Box 1239, Tokyo, Japan. 
W. L. Everitt, W. L. Collins. 

Porter, RayMonp L., Assistant Professor 
of Chemical Engineering, Tri-State 
College, Angola, Ind. A. Parrott, G. 
S. Rowley. 

RePeEtski, JERRY J., Instructor in Me- 
chanical Engineering, University of 
Buffalo, Buffalo, N. Y. R. K. Smith, 
R. E. Shafter. 

RICHARDSON, ARCHIE M., Jr., Assistant 
Professor of Civil Engineering, Univer- 
sity of Pittsburgh, Pittsburgh, Pa. R. 
K. Lightholder, W. L. Grecco. 
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RicKetts, BERNARD G., Associate Pro- 
fessor of Metallurgical Engineering, 
University of Illinois, Urbana. A. C. 
Forsyth, R. W. Bohl. 

RoLpAN-GALLARDO, Davin, Technical 
Director, Industries Unidas S. A., 
Mexico City 14, D. F., Mexico. W. 
L. Everitt, W. L. Collins. 

ROSENTHAL, SAUL W., Research Assistant 
Professor of Electrical Engineering, 
Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. E. Weber, J. W. 
Hostetter. 

Scuuric, O. Ropert, Professor of Elec- 
trical Engineering, Union College, 
Schenectady, N. Y. R. B. Russ, C. F. 
Goodheart. 

ScHwarz, Ropert F., Director, Mich- 
igan City Extension, Purdue Univer- 
sity, Lafayette, Ind. M. E. Gyte, V. 
R. Daugherty. 

SExTON, Partie G., Instructor in Me- 
chanical Engineering, Georgia Insti- 
tute of Technology, Atlanta, Ga. H. 
S. Weber, J. P. Vidosic. 

SHAMES, Irvinc H., Assistant Professor 
of Mechanical Engineering, Stevens In- 
stitute of Technology, Hoboken, N. J. 
W. E. Wilson, P. F. Chenea. 

So.ttau, Davip L., Professor of Engi- 
neering, University of Redlands, Red- 
lands, Calif. R. E. Vivian, H. H. 
Grant. 

Tatman, William R., Director of College 
Relations, Personnel Relations, Amer- 
ican Telephone and Telegraph Com- 
pany, 195 Broadway, New York, N. Y. 
D. S. Bridgman, S. B. Ingram. 

Troupe, Ratpnu A., Research Professor 
of Chemical Engineering, Northeast- 
ern University, Boston, Mass. W. T. 
Alexander, C. P. Baker. 

Twiss, Francis E., Engineering Advisor, 
Associated General Contractors of 
America, Inc., 1227 Munsey Building, 
Washington 4, D. C. B. D. Green- 
shields, H. A. Mike Flanakin. 

Wanc, JAMES TiNnG-SHuN, Instructor in 
Applied Mechanics, University of Kan- 
sas, Lawrence, Kan. K. Deemer, D. 
W. Appel. 
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Wint, Ceci T., Assistant Professor of 
Electrical Engineering, Howard Uni- 
versity, Washington, D. C. R. M. 
Jones, A. E. Richmond. 

ZANBOORIE, MOHAMMED H., Instructor 
in Applied Mathematics, University 
of Colorado Extension Center, Denver. 
P. E. Bartlett, C. A. Hutchinson. 


As of February 11 


Bowen, Davin H., Assistant Professor in 
Engineering, Tuskegee Institute, Tus- 
kegee, Ala. J. D. Davis, Jr., William 
Allan. 

Brown, Buck F., Instructor in Electrical 
Engineering, Oklahoma Institute of 
Technology, Stillwater. T. B. Thomp- 
son, A. Naeter. Divisional Interest: 
Aeronautics and Aero. Engr., Elec- 
trical Engineering. 

Brown, H. C., President, Texas Trade 
School, Dallas. H. A. Wood, C. H. 
Shumaker. 

Byers, G. C., Assistant Professor of 
Mathematics, Michigan College of 
Mining and Technology, Houghton. 
K. M. McMillin. H. B. Anderson. 

Carro__, Georce L., Dean of Basic 
Studies, Southern Technical Institute, 
Chamblee, Georgia. L. V. Johnson, 
A. L. Steinkamp. Divisional Interest: 
Administrator, Educational; English, 
Technical Institute. 

CLARK, CLAYTON, Professor of Electrical 
Engineering, Utah State Agricultural 
College, Logan. L. A. Cole, B. O. 
Watkins. 

Comer, Davin B., III, Associate Profes- 
sor of English, Georgia Institute of 
Technology, Atlanta. A. A. Hobgood, 
J. W. Mason. Divisional Interest: 
English, History, Latin, Greek. 

Coons, MAyNarp A., Operations Analy- 
sis Specialist, Missile and Ordnance 
Systems Department, General Electric 
Company, Philadelphia, Pennsylvania. 
W. L. Collins, J. O. Smith. 

Cross, Lonnie, Assistant Professor of 
Mathematics, Tuskegee Institute, Tus- 
kegee, Alabama. J. D. Davis, Jr., 
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William Allan. Divisional Interest: 
Electrical Engineering, Mathematics. 

Crosser, Orrin K., Assistant Professor 
of Chemical Engineering, University 
of Oklahoma, Norman. R. L. Hunt- 
ington, W. H. Carson. Divisional In- 
terest: Chemical Engineering. 

Dawson, JAMes K., Instructor in Me- 
chanical Engineering, Oregon State 
College, Corvallis. J. H. Coke, W. L. 
Collins. 

DEAN, JAMES W., Supervisor, Educa- 
tional Activities, Westinghouse Cor- 
poration, Pittsburgh, Pennsylvania. G. 
D. Lobingier, G. Moore. 

Derry, STEPHEN A., 509 Kentucky 
Home Life Building, Louisville 2, 
Kentucky. H. P. Emerson, F. Glose- 
close. Divisional Interest: Adminis- 
trator, Educational, Civil Engineering, 
Coordinators of Coop. Engr., Engineer- 
ing Economy, Industrial, General En- 
gineering, Technical Institute, Con- 
sulting Activity. 

Downs, Oscar L., Department Head, 
Machine Shop and Welding, Tuskegee 
Institute, Tuskegee, Alabama. J. D. 
Davis, Jr., William Allan. Divisional 
Interest: Technical Institute. 

Eaton, Paut B., Assistant Professor of 
Metal Processing, Purdue University, 
West Lafayette, Indiana. C.T. Marek, 
P. W. Case. 

Free, Harowp R., Director of Placement, 
Alumni Association, Stevens Institute 
of Technology, Hoboken, New Jersey. 
J. H. Davis, L. L. Merrill. 

GaaL, Ricuarp A., Assistant Instructor 
in Mechanical Engineering, Newark 
College of Engineering, Newark, New 
Jersey. G. B. Thom, J. H. Weinstein. 

GLENN, WILLIAM A., Instructor in Me- 
chanical Engineering, Pennsylvania 
State University, Dubois Center, Uni- 
versity Park. V. E. Neilly, M. Levine. 

Go, Pox Oren, Chief Lecturer and Engi- 
neer, University of Indonesia, Ban- 
dung, Indonesia. L. S. O'Bannon, R. 
M. Wingren. 

GrirF, Ernest R. Instructor in Mathe- 
matics, Michigan College of Mining 
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and Technology, Houghton. K. M. 
McMillin, H. B. Anderson. 

HEITZMAN, Epwarp J., Junior Engineer, 
Engineering Mechanics Department, 
General Motors Research Staff, De- 
troit, Michigan. H. R. Lissner, F. R. 
Beyer. 

HeERWEH, ALBERT C., Professor and 
Head, Electrical Engineering Depart- 
ment, University of Cincinnati, Cin- 
cinnati, Ohio. H. K. Justice, W. E. 
Restemeyer. 

InvinE, JAMES A., Instructor in Engi- 
neering, Lowell Technological Insti- 
tute, Lowell, Massachusetts. M. E. 
Gelinas, W. Williams. 

Isaacs, GERALD W., Assistant Professor 
in Agricultural Engineering, Purdue 
University, Lafayette, Indiana. J. B. 
Lijidahl, G. E. Spencer. 

Jarvi, ALBERT O., Part Owner and Proj- 
ect Engineer, Trygve Hoff & Associ- 
ates, 1922 E. 107th Street, Cleveland 
6, Ohio. L. J. Reardon, J. B. Scalzi. 

Jones, Trmotuy W. Dean, School of Me- 
chanical Industries, Tuskegee Insti- 
tute, Tuskegee, Alabama. J. D. Davis, 
Jr., William Allan. Divisional Inter- 
est: Electrical Engineering, Physics. 

KENNEDY, MADELINE L., Instructor in 
Mathematics, Marquette University, 
Milwaukee, Wisconsin. A. B. Drought, 
R. J. Panlener. 

KisteL, CuEesTeR C., Instructor in Civil 
Engineering, University of Pittsburgh, 
Pittsburgh, Pennsylvania. J. P. Mil- 
ler, R. Bonn. 

KuscHEL, WiLi1AM G., Manager of Cus- 
tomer Engineering, IBM Corporation, 
618 S. Michigan, Chicago 6, Illinois. 
T. J. Lafeber, O. I. Thompson. 

LEeFeEvuvre, ALBERT R., Instructor in Me- 
chanical Engineering, University of 
Toronto, Toronto 5, Ontario, Canada. 
L. E. Jones, D. G. Huber. 

Lewis, FLoyp F., Jr., Head, Radio En- 
gineering Department, Texas Trade 
School, Dallas, Texas. H. A. Wood, 
C. H. Shumaker. 

McEncg, Wituro, Professor and Head, 
Industrial Education, Tuskegee Insti- 
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tute, Tuskegee, Alabama. J. D. Davis, 
Jr., William Allan. Divisional Inter- 
est: Administrator, Educational; Shope 
and Mechanic Arts, Technical Insti- 
tute. 

MARSHALL, Maurice K., Assistant Pro- 
fessor of Mechanical Engineering, Uni- 
versity of Kentucky, Lexington. M. 
Baker, R. E. Shaver. 

Nanra, ANTHONY J., Instructor in Eng- 
lish, Marquette University, Milwau- 
kee, Wisconsin. R. J. Kipp, A. B. 
Drought. Divisional Interest: Eng- 
lish, Humanistic-Social Studies. 

OpPrERMAN, Davin R., Instructor in Gen- 
eral Engineering, University of Illinois, 
Urbana. J. R. Tague, S. G. Hall. 
Divisional Interest: Engineering Draw- 
ing, General Engineering. 

PaascHe, OLAF, G., Associate Professor 
of Mechanical Enginering, Oregon 
State College, Corvallis. H. H. Paul, 
M. C. Sheely. 

Pearce, Davin C., Assistant Instructor 
in Mechanical Engineering, Newark 
College of Engineering, Newark, New 
Jersey. G. B. Thom, J. H. Weinstein. 

RaGLanp, Douc.as, Chief Petroleum En- 
gineer, Humble Oil & Refining Com- 
pany, Box 2180, Houston 1, Texas. 
J. R. Sims, J. E. Merwin. Divisional 
Interest: Petroleum Production, Gen- 
eral Engineering. 

Reep, Georce A., Assistant Professor of 
Mechanical Engineering, Tuskegee In- 
stitute, Tuskegee, Alabama. J. D. 
Davis, Jr., William Allan. 

RENNAT, Harry O., Assistant Professor 
of Mechanical Engineering, Colorado 
A. & M. College, Fort Collins. R. D. 
LaRue, D. N. Zwiep. 

REYNOLDS, WILLIAM E., President, The 
William E. Reynolds Company, Con- 
tractors and Engineers, Dayton, Ohio. 
W. L. Collins, J. O. Smith. Divisional 
Interest: Civil Engineering, History, 
Mathematics. 

Rice, Rospert B., Secretary, North Car- 
olina Board of Registration, Raleigh. 
J. H. Lampe, J. H. Sams. 


(Continued on page 716) 
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TEACHING POSITIONS AVAILABLE 


ELECTRICAL ENGINEERING 
teaching positions will be available. Rank 
and salary commensurate with qualifica- 
tions and experience. Opportunity for 
graduate study. Address inquiry to Dr. 
C. Froehlich, Department of Electrical 
Engineering, City College of New York, 
Convent Avenue and 139th Street, New 
York 31, New York. 


ASSOCIATE AND ASSISTANT PRO- 
fessors for fields of advanced strength of 
materials, elasticity, dynamics, and fluid 
mechanics. Start February or Septem- 
ber. Department of Applied Mechanics, 
University of Kansas, Lawrence, Kansas. 


ASSISTANT AND ASSOCIATE PRO- 
fessors of Engineering needed. Able 
young Ph.D.’s interested in teaching and 
research in equal amounts. Well equipped 
and active professorial staff in thermo- 
dynamics and fluid mechanics is expand- 
ing to size comparable with interna- 
tionally-known group in mechanics of 
solids. Excellent opportunity for de- 
velopment and advancement. Write to 
Professors J. Kestin, P. F. Maeder, or 
R. F. Probstein, or to D. C. Drucker, 
Chairman of Engineering, Brown Uni- 
versity, Providence 12, Rhode Island. 


ASSISTANT PROFESSOR OR ASSO- 
ciate to teach time study and methods 
courses at the graduate and undergradu- 
ate levels, plus the possibility of teaching 
other industrial engineering subjects. 
Salary for a nine month year contingent 
on education and experience; prefer man 
with advanced degree. Opportunity for 
graduate study, extra income for teach- 
ing evening courses, and for private con- 
sulting practice. Position available July 
1, 1957. Resume of education and ex- 
perience should be furnished in initial 
reply. Write to F. W. Winter, Depart- 
ment of Industrial and Management En- 
gineering, Columbia University, New 
York 27, New York. 


01 


ASSISTANT AND ASSOCIATE PRO- 
fessors of engineering interested in 
teaching and research in equal amounts. 
Electronics and circuit men preferred to 
help complement group in electromag- 
netic theory. Excellent opportunity for 
development and advancement for quali- 
fied young Ph.D.’s. Write to Professor 
C. M. Angulo, R. D. Kodis, or E. T. 
Kornhauser or to Chairman of Engineer- 
ing, Brown University, Providence 12, 
Rhode Island. 


ELECTRICAL ENGINEERING AND 
Teaching Fellowships in large urban col- 
lege. Part-time day teaching with tuition- 
free evening graduate work toward M.S. 
in Electrical Engineering. Summer em- 
ployment available. Excellent opportu- 
nity for B.S. graduate who wants training 
for full-time engineering teaching. Salary 
increases and promotion on attainment 
of M.S. Also full-time teaching or part- 
time teaching plus part-time research 
available in ranks of Assistant Instructor 
through Assistant Professor. Annual salary 
increments. Evening teaching, graduate, 
and undergraduate, available with extra 
pay. Summer employment available. Ap- 
ply to F. A. Russell, Acting Chairman, 
Department of Electrical Engineering, 
Newark College of Engineering, 365 
High Street, Newark 2, New Jersey. 


ELECTRICAL AND MECHANICAL 
Engineering staff openings at Ph.D. and 
M.S. levels. Salaries commensurate with 
qualifications. Apply to Dean of En- 
gineering, Duke University, Durham, 
North Carolina. 


GENERAL ENGINEERING IN- 
structor and Assistant openings. B.S. 
engineering degree and good academic 
record required. Teaching or industrial 
experience desirable. Graduate study 
encouraged. Write to R. P. Hoelscher, 
116 Transportation, University of IIli- 
nois, Urbana. 
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MECHANICAL ENGINEERING POSI- 
tion available for man interested in ma- 
terials and mechanics or machine design; 
also position for electrical engineer. Will 
teach various fundamental courses. As- 
sistant Professor rank, M.S. degree pre- 
ferred. Apply to Dr. I. O. Addicott, 
Administrative Dean, Fresno State Col- 
lege, Fresno 26, California. 


INCREASED MECHANICAL ENGI- 
neering faculty needed because of larger 
enrollment. Courses to be taught are 
thermodynamics, heat transfer, fluid me- 
chanics, and laboratories. Persons should 
have some teaching and industrial ex- 
perience. Salary and rank open depend- 
ing upon degree and experience. Posi- 
tions start September 15, 1957. Apply 
to the Dean of Engineering, Ohio North- 
ern University, Ada, Ohio. 


ELECTRICAL AND MECHANICAL 
Engineering positions open. Teaching 
assignments are Electric Power, Elec- 
tronics, Mechanical Vibrations, Fluid 
Mechanics, and other Mechanical Engi- 
neering subjects. Salary depends upon 
qualifications. Excellent fringe benefits. 
M.S. in Electrical or Mechanical Engi- 
neering desired. Applicants with B.S. 
considered. Write to Earle M. More- 
cock, Chairman, Applied Science Divi- 
sion, Rochester Institute of Technology, 
Rochester, New York. 


CIVIL, ELECTRICAL, AND ME- 
chanical Engineering staff openings. Sal- 
ary depends upon qualifications. Apply 
to the Dean of Engineering, Villanova 
University, Villanova, Pennsylvania. 


CHEMICAL ENGINEERING FAC- 
ulty member needed. Rank and salary 
dependent upon qualifications. Send 
resume and recent photograph to the 
Chairman of Chemical Engineering and 
Chemistry Departments. Fenn College, 
Cleveland 15, Ohio. 
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CIVIL ENGINEERING INSTRUCTOR 
needed to begin in September, 1957. 
Apply to Professor E. W. Bowler, Chair- 
man of Civil Engineering Department, 
University of New Hampshire, Durham. 


CIVIL ENGINEERING DEPART- 
ment Head position open. Ph.D. pre- 
ferred but not necessary as experience in 
practice, research, teaching, and admin- 
istration. Salary open. Appointment 
will be on an annual basis with one 
month vacation in summer. Ph.D. in 
Electrical or Mechanical Engineering 
needed to teach in and supervise an off- 
campus graduate program in a large 
urban community. Also need retired or 
part-time men who can teach high level 
courses in Electrical or Mechanical En- 
gineering in this off-campus graduate 
program. Other openings in CE, ME, 
and EE. Apply to Dean John C. Park, 
College of Engineering, University of 
Arizona, Tucson, Arizona. 


MACHINE DESIGN AND ENGI- 
neering Drawing Professor needed. Pre- 
fer middle age person with experience 
and M.S. degree or higher. Appoint- 
ment for September 16, 1957. Write to 
Professor L. M. Sahag, Department of 
Engineering Drawing & Design, Alabama 
Polytechnic Institute, Auburn. 


CIVIL ENGINEERING OR’ ENGI- 
neering Mechanics Associate and Assist- 
ant Professors and Instructors needed. 
M.S. degree desirable, but instructors 
working toward advanced degree will be 
considered. Salaries for nine months 
academic year, paid in ten installments, 
based upon experience and education. 
Start September, 1957. Applications for 
a position as Instructor in Engineering 
Drawing, Descriptive Geometry, and 
Surveying will also be considered. Write 
to Earl D. Dake, South Dakota School 
of Mines and Technology, Rapid City. 


(See also page 657.) 











REVISION OF THE ASEE CONSTITUTION 


After several years of considering grass-roots suggestions, and with the benefits of 
detailed study by the Society Functions Committee, the Constitution and By-Laws 
Committee, at the direction of Council, undertook the complex task of phrasing and 
organizing specific statements of policy change. These were directed especially to 
modernizing the Society’s structure, to re-defining classes of members, to speeding its 
processes and actions in terms of meeting current demands, and to bringing it into line 
with present practices of professional organizations. 

Results of the Committee’s deliberations were embodied in two major reports to 
the General Council, presented at the 1955 Annual Meeting at The Pennsylvania State 
University and the 1956 Annual Meeting at Iowa State College. These proposals were 
accepted by the General Council during the fall meeting (October 27, 1956) at 
Detroit. As specified in the procedure for amending the Constitution, endorsement 
was also voted by the ECAC through a letter ballot reported on January 17, 1957, and 
by the ECRC at its Executive Committee meeting in Chicago on February 28, 1957. 

With these endorsements, the amended Constitution is now submitted to members 
of the Society for referendum vote. This page, and its reverse, constitute a tear-out 
ballot. Please remove this sheet, record your vote, and return it to the Secretary of 
the Society, preferably by June 1, 1957. If response is prompt, it is hoped that the 
final Society action can be announced at the Annual Meeting at Ithaca, June 17-21. 


Ballot on Revision of Constitution 
The American Society for Enginering Education 


date 


Please return to W. Leighton Collins, Secretary, ASEE, 
University of Illinois, Urbana, before June 10, 1957. 


I approve all the changes as printed following this ballot: .--7 
[ approve and disapprove specific sections, as indicated below: (_ ) 


If complete approval is given, the blocks below need not be 


filled in. ) 


Detailed Changes, by Articles and Sections Approve Disapprove 
Article II—-Membership 


Section 2 (Adds “Life” category of members. ) frug ( ) 
Section 3 (Provides for approval of new members by 

Executive Board rather than by Council.) ja 
Section 6 (Formerly Sec. 3; provides for nomination of 

honorary members as individuals. ) ( ) e393 
Section 7 (Provides an “industrial” class of institutional 

members. ) ( ) oo 
Section 11 (Executive Board empowered to classify and 

elect industrial institutional members. ) C..% = 
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Detailed Changes, by Articles and Sections 
Article 11]—Organization 
Section 2 (Broadened to include present “General” or 
“Activity” Divisions. ) 
Article IV—Officers 
(Adds two Vice Presidents, one for general and Regional 
Activities (east and west), one for general Divisions 
and Committees. ) 
Article V—Executive Board 


Section 1 (Defines present functions of Executive Board. ) 


Article VI—General Council 
Section 1 (Adds secretaries of ECAC and ECRC to 
General Council membership. ) 
Article IX—Title Change 


(Adds “committees” to title. ) 
Section 4 (Re-numbered to “3.”) 
Section 5 (Re-numbered to “4.”) 


Article X—Election of Officers 
Section 1 (Provides for election of officers by mail ballot. ) 
Section 3 (Establishes election procedure. ) 

Article XI—Dues 


Section 5 (Reduces arrearage payment for membership 
renewal. ) 
Section VI (Exempts honorary members from dues. ) 


Article XIJI—Publications 


Section 2 (Defines Society's rights to papers. ) 


By-Laws 


Seventh (Designates to whom standing committees are 
responsible. ) 

Eighth (Provides for Editor, and broadens representation 
on Publications Committee. ) 

Ninth (Establishes Awards Committee. ) 

Tenth (Simplifies amending By-laws. ) 


Approve 


( ) 
( ) 
( ) 
( 

( ) 
( ) 
( ) 
( 

( ) 
( \ 
( ) 
( ) 
( ) 
( ) 
(9 
( ) 
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Disapprove 


-_ 
(.4 
( ) 

) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
Et) 
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CONSTITUTION AND BY-LAWS 
(Effective July 1, 1957) 


American Society for Engineering Education 


FORMERLY THE SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 


Printed below is the ASEE Constitution, including proposed changes, 
as it will read if all revisions are adopted. Both past and proposed 
versions were printed in the JourNAL (September, 1956, pages 48-49 
and December, 1956, pages 368-375), and can be referred to there. 
The old text, as it has been in force since the spring of 1954, is 
printed in full in the Yearbook (February, 1957, pages 519-531). 


Article I—Name and Objects 


Section 1. The name of this organization shall be the American 
Society for Engineering Education. 

Section 2. The Society shall be a continuation of the Society for the 
Promotion of Engineering Education and its organization and purpose 
shall be expanded so as to include those of the Engineering College 
Research Association. 

Section 3. The purpose of this Society shall be the advancement of 
education in all its functions which pertain to engineering and allied 
branches of science and technology, including the processes of teaching 
and learning, research, extension services, and public relations. The 
Society shall serve its members as a common agency of stimulation and 
guidance in: (a) the formulation of the general goals and responsibilities 
of engineering education for the service of individuals and the advance- 
ment of general welfare, (b) the adjustment of curricula and educational 
processes to changing conditions; (c) the development of effective teach- 
ers and administrators; (d) the improvement of instructional materials 
and methods, of personnel practices, and of administrative usages; (e) 
the enhancement of professional ideals and standards; (f) the fostering 
of research as a function collateral to teaching; (g) the coordination of 
institutional aims and programs, both among schools and colleges and in 
their joint relations with professional, educational, and public bodies; 
and (h) the cultivation of a fraternal spirit among teachers, administra- 
tors, investigators, practitioners, and industrialists. 


Article 11—Membership 


Section 1. Membership in the Society shall be of two general 
classes, Individual and Institutional. 

Section 2. Individual membership shall be of three classes, Active, | Adds 
Life, and Honorary. It shall comprise those persons who occupy or have | “Life” 
occupied responsible positions in engineering instruction, research, or | ©%e8°ry 
practice, or other persons interested in engineering education. | of members. 
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Section 3. The name of each candidate for active individual mem- | Approval 
bership shall be proposed in writing to the Secretary by two members of | of members 
whom the candidate is personally known. The proposal shall state the | by Executive 
qualifications on which it is based. An affirmative letter ballot of three- | Board 
fourths of those members of the Executive Board whose votes reach the | — ~ 
Secretary within one month from the time of sending out the name of | ?¥ “@nera 

: | Council. 
the candidate shall elect. 


Section 4. A member in good standing may become a life member, 
exempt from all future payments for dues, by a single payment of an 
amount equal to twenty times the annual dues for members. Such pay- 
ments received by the Society shall be placed in a separate fund known 
as the Life Membership Fund. The interest earned on this fund shall be 
used as current income. 

Section 5. An individual member who has been in good standing for 
twenty-five (25) years or more, who has reached the age of sixty-five 
(65) years, and who has retired from active professional life, may, upon 
written request, be designated as a life member by vote of the General 
Council, and shall thereafter be exempt from payment of dues. 

Section 6. Honorary members may be chosen from among those 
who have rendered eminent service to mankind in engineering education 
or other engineering fields. Nomination of such candidates may be 





Formerly 


made by any member of the Society to the Committee on Honorary Mem- | 5@¢: aH f 
° ° ° ° P Irovides yor 
bership. The Committee on Honorary Membership will in turn recom- | “ satiinaiiings 


mend to the General Council candidates for honorary membership. of honorary 

Election shall be by a favorable vote of at least three-fourths of the | members by 
members of the General Council in a letter ballot to be taken by the | individuals. 
secretary. Councilors not heard from within one month from the date 
of mailing the ballots will be counted in favor of the candidate. 

Honorary members shall enjoy all the privileges of the Society, and 
shall not be required to pay any fees or dues. 

Election to honorary membership shall be limited in any administra- 
tive year to not more than two candidates. 

Section 7. Institutional members shall be of four classes: Active, | Provides an 
Affiliate, Associate, and Industrial. Active members shall be institutions | “Industrial” 
which are eligible to participate in either or both of the institutional mem- | cass of 
bership Councils. Affiliate members shall be other educational institu- | stitutional 
tions engaged in technical instruction which have one or more curricula ' members. 
accredited by Engineers’ Council for Professional Development or which 
are accredited by a major regional educational association. Associate 
members shall be professional organizations of engineers and research 
institutions. Industrial members shall be industrial organizations which 
have a major interest in engineering education. 

Section 8. Active member institutions shall be only those offering 
curricula leading to baccalaureate or higher degree in engineering and 
having one or more curricula accredited as such by Engineers’ Council 
for Professional Development, or if not within its jurisdiction must have 
one or more engineering curricula whose standards as judged by a com- 
petent accrediting agency are not lower than those of that Council. In 
the absence of any such accrediting agency the Executive Board of the 
Society shall have the power to judge of the equivalence of standards. 


Dia aS a cele PAP 
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Section 9. All institutions which meet the conditions described in 
section 8 shall be eligible to participate as voting members in the Engi- 
neering College Administrative Council. To be eligible for voting par- 
ticipation in the Engineering College Research Council it is further re- 
quired that the institution’s research organization or activity shall have 
existed for at least three (3) years and shall have expended for engineer- 
ing research during the three (3) fiscal years next preceding the date of 
its admission to the Council not less than that sum prescribed in the by- 
laws of the Engineering College Research Council. 

Section 10. An institution may be proposed for membership by an 
official representative of any member institution who is familiar with the 
work of the institution proposed; or application for admission may be 
made directly by a responsible officer of the institution concerned. In 
either case the proposal or application shall be made in writing, addressed 
to the Secretary of the Society, and shall indicate the grade of member- 
ship applied for and the Council or Councils in which it wishes to 
participate. 

Section 11. The Executive Board shall determine the eligibility of 
the applicant for membership of any class in the Society. The Executive 
Board shall have the power to elect Affiliate, Associate, and Industrial 
members of the Society by letter ballot, but shall refer applications for 
Active membership to the Executive Committee of each of the Councils 
in which the applicant desires to participate, each such Executive Com- 
mittee being empowered to admit the applicant to the Council which it 
represents. All elections shall require a two-thirds favorable vote of 
the ballots cast. Institutions thus elected to membership in either or 
both of the institutional Councils thereby become Active institutional 
members of the Society. 


Article I1|—Organization 


Section 1. The means to ends specified in Article I, section 3, shall 
include the establishment of subordinate units of organization as needed 
to serve local, regional, departmental, or functional interests, the holding 
of meetings, conferences, and special schools, the setting up of agencies 
for educational inquiry, research, or planning, and the publication of 
papers, reports, researches, communications, and other significant mate- 
rials concerned with engineering education. 

Section 2. The Society shall be an organization of individual and 
institutional members and shall operate in two coordinate areas of activity 
corresponding to the respective interests of these groups. Its general 
activities shall be administered by an Executive Board (see Article V). 
The activities of its individual members shall be conducted under a 
General Council (see Article VI) and the activities of its institutional 
members through an Engineering College Research Council (see Article 
VII), and an Engineering College Administrative Council (see Article 
VIII). 

The individual members of the Society shall further be organized in 
groups to function as (a) sections in specified territories; (b) branches 
formed by members of single institutions and (c) divisions with impor- 
tant subjects of instruction, research, or activity related to engineering 
education, under provisions as hereinafter set forth. 
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Article 1V—Officers 


There shall be a President, who shall be the executive officer of the 
Society and who shall hold office for one year. There shall be six Vice 
Presidents, each to hold office for two years as follows: in connection 
with individual memberships, two Vice Presidents responsible for General 
and Regional Activities, one in the Eastern part of the United States and 
one in the Western part, as designated by the Executive Board, to be 
elected in alternate years: a Vice President for instructional Divisions 
and Committees and a Vice President for General Divisions and Com- 
mittees to be elected in alternate years. In connection with institutional 
memberships, there shall be a Vice President for the Engineering College 
Research Council and a Vice President responsible for the Engineering 
College Administrative Council, to be elected in alternate years. There 
shall be a secretary, to be appointed annually by a committee consisting 
of the President and ali Vice Presidents; and a Treasurer, to be elected 
annually. In case of vacancy in the office of the President, the senior 
Vice President for General and Regional Activities shall succeed. In 
case of a vacancy in the office of Vice President for General and Regional 
Activities, the senior Vice President for Instructional Divisions shall 
succeed. 


Article V—Executive Board 


Section 1. The Executive Board of the Society shall consist of the 
President, the six Vice Presidents, the Secretary, and the Treasurer. Its 
function shall be to coordinate the activities of the Society. Its actions 
shall be final as to (a) approval of budgets, (b) authorization of pub- 


lications, (c) conventions, (d) appointment of officers to fill emergency | 
vacancies, (e) determination of eligibility of institutional members, and | 


(f£) actions of the Society in relation to other organizations. The Execu- 
tive Board is responsible for the general supervision and control of all 
financial matters in which the name of the Society is used. In all other 
matters, however, the Executive Board is advisory to the General Council, 
the Engineering College Research Council, and the Engineering College 
Administrative Council. 

Section 2. The procedure in (d) filling emergency vacancies shall 
be as follows: excepting the Secretary, whose appointment is otherwise 
provided herein, the Executive Board shall make the appointment on 
recommendation of the President; provided, however, that, in case of 
vacancy in the office of a Vice President associated with the institutional 
membership, the President shall transmit to the Executive Board the rec- 
ommendation of the Executive Committee concerned. The term of 
emergency appointments shall be until a successor is regularly elected. 

Section 3. In case of a national emergency during which it is im- 
possible for the Society to hold a regular meeting, the Executive Board 
may take any action on behalf of the Society that it deems necessary and 
advisable; provided, however, that such action shall be reported to the 
Society at its first regular meeting thereafter. 

Section 4. Each Council of the Society shall report all of its actions 
to the Executive Board and shall not take an action affecting the interests 
of another Council until such proposed action has been cosidered by the 
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Executive Board; provided, however, that in cases where the time ele- 
ment is too critical to permit deliberation by the Executive Board, a 
Council may, on its own responsibility, take emergency action within its 
own domain, or if it so authorizes, its Executive Committee may take such 
action; or provided further that a Council, or its Executive Committee 
if so authorized, may take such action jointly with another Council where 
joint interests are involved. 


Article VI—General Council 


Section 1. The General Council of the Society shall consist of the 
President, who shall be chairman, the six Vice Presidents, the Secretary, 
the Treasurer, the three Junior Past Presidents, the secretaries of the 
Enginering College Research Council and the Engineering College 
Administrative Council, and a representative of every Division and Sec- 
tion elected by the body concerned for a term of two years according 
to a plan of rotation in which one half of such representatives will be 
chosen each year. 

Section 2. Any individual member of the Society shall be eligible 
for election as such a representative on the General Council. 

Section 3. Incumbent elective officers and members of the Council 
shall continue in office for a period of ten (10) days after the date of the 
annual meeting or in the event that no annual meeting is held, until ten 
(10) days after their successors shall have been elected. 

Section 4. The actions of the General Council shall be final on all 
matters concerning the General and Regional Activities and the Instruc- 
tional Divisions, excepting those herein delegated to the Executive Board. 

Section 5. The General Council shall determine its own By-laws 
which shall conform to the Constitution and By-laws of the Society. 


Article Vil—Engineering College Research Council 


Section 1. There shall be an Engineering College Research Council 
whose purpose shall be to assist in developing the research facilities of 
engineering colleges (a) to further advance study in colleges of engi- 
neering and to develop and coordinate industrial and scientific research; 
(b) to undertake research designed to promote engineering advancement 
and economic adjustment in industry, public works, public health, the 
conservation and development of natural resources, and similar activities; 
(c) to cooperate with other associations and government agencies in the 
prosecution and promotion of research and to collaborate with them to 
prevent duplication of effort and achieve maximum utilization, coordina- 
tion, and development of engineering and scientific research facilities; 
and (d) to publish periodic research reports, studies, papers, and in- 
vestigations of significant value to engineering colleges and cooperating 
research agencies. 

Section 2. Its membership shall consist of institutions complying 
with the By-laws of the Research Council. There shall be Active (vot- 
ing) and Associate (non-voting) membership. Each membership shall 
be entitled to one or more representatives designated by the proper officer 
of each member institution. Each Active Institutional membership shall 
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have but one vote. All Institutional memberships shall be admitted 
by the Research Council. 

Section 3. There shall be an Executive Committee of, and con- 
stituted by, the Engineering College Research Council; provided, how- 
ever, that the Vice President of the Society associated with this Council 
shall be Chairman of the Council; and the President, Treasurer, and 
Secretary of the Society shall be ex officio advisory members without 
vote; and its powers shall be those delegated to it by this Council. 

Section 4. The Engineering College Research Council shall deter- 
mine its own By-laws which shall conform to the Constitution and By- 
laws of the Society. 


Article Vill—Engineering College Administrative Council 


Section 1. There shall be an Engineering College Administrative 
Council whose purpose shall be (a) to relate the engineering colleges 
to public welfare by close cooperation with the agencies of the Govern- 
ment; (b) to bring about cooperation among engineering colleges in the 
interest of the engineering profession, industry, and the public at large; 
(c) to bring about cooperation between the engineering colleges of this 
country and those of other lands; (d) to cooperate with engineering 
societies, trade organizations, and commercial groups in the interest of 
engineering education; (e) to act as an instrument of inquiry into prob- 
lems which contribute to effective administration of engineering colleges; 
(f) to make the public conscious of the value of engineering education as 
a preparation for service to society in a technologic civilization. 

Section 2. Its membership shall include one duly appointed repre- 
sentative of each such Active Institutional Members and Associate Insti- 
tutional Members (non-voting) as are admitted to the Engineering Col- 
lege Administrative Council. 

Section 3. There shall be an Executive Committee of, and con- 
stituted by, the Engineering College Administrative Council; provided, 
however, that the Vice President of the Society associated with this 
Council shall be Chairman of the Council; and the President, Treasurer, 
and Secretary of the Society shall be ex officio advisory members without 
vote; and its powers shall be those delegated to it by this Council. 

Section 4. The Engineering College Administrative Council shall 
determine its own By-laws which shall conform to the Constitution and 
By-laws of the Society. 


Article IX—Sections, Branches, Divisions, and Committees 


Section 1. A section of the Society may be formed by members of 
the Society in two or more institutions and for all members within a 
territory prescribed by the General Council. A Section may be formed 
by a temporary organization which shall become a duly authorized sec- 
tion of the Society upon the approval of the General Council. Sections 
may determine their own form of organization, but shall operate in con- 
formity with the Constitution and the By-laws of the Society and shall 
make a report of their proceedings to the Secretary of the Society. 
Sections shall be self-sustaining. 
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Section 2. A Branch may be formed by members of the Society in 
any one or more institution(s) by a temporary organization, which shall 
become a duly authorized Branch of the Society upon approval by the 
Executive Board. Branches may determine their own form of organiza- 
tion, but shall operate in conformity with the Constitution and the By- 
laws of the Society and shall make a report of their proceedings to the 
Secretary of the Society. Branches shall be self-sustaining. 

Branches may cooperate with, or be a part of, other organizations 
having the same general purposes as this Society. The general purpose 
of Branches is to extend the interest in, and the discussion of, questions 
relating to the teaching of engineering students and to bring to the 
Society at large, through its publications, the activities in all institutions 
that will be serviceable to the members of the Society. 

Section 3. The General Council may establish Divisions of the So- 
ciety in areas of instructional responsibility generally existing in engineer- 
ing colleges, e.g., mathematics, electrical engineering, etc., and in fields | 
of major interest within the Society not directly related to instruction. 

Section 4. The Executive Board, the General Council, the Engi- 
neering College Research Council, and the Engineering College Admin- | 
istrative Council may establish committees in their respective domains | 
as prescribed in the By-laws. 


Article X—Election of Officers 


Section 1. The President, Treasurer, and four Vice Presidents, who 
must be members of the Society, shall be elected by mail ballot of the 
individual membership. The President and Treasurer shall be elected 
annually. The two Vice Presidents for General and Regional Activities 
shall be elected in alternate years. The Vice President for Instructional | 
Division and Committee Activities and the Vice President for General 
Divisions and Committees shall be elected in alternate years. The two 
Vice Presidents associated with institutional membership shall be elected 
at the annual meeting of the Society in alternate years for respective 
terms of two years by their respective councils. 

Section 2. There shall be a Nominating Committee consisting of 
the three Junior Past Presidents, senior member to be chairman, and 
those General Council members elected by the Sections and Divisions 
whose terms expire in the year in which the annual meeting is held. 

Section 3. By means of a form furnished at the beginning of each 
academic year, an opportunity shall be given to individual members of 
the Society to submit names of persons to be considered for nomination. 
These names, on the forms provided, shall be sent to the Secretary of 
the Society not less than thirty (30) days prior to the fall meeting of the 
General Council. The Secretary shall submit the suggested names to all 
members of the Nominating Committee. At the time of the fall meeting 
of the General Council the Nominating Committee shall select candidates 
whose names shall be made available to the entire membership in Decem- 
ber or January. After the publication of the nominees proposed by the 
Nominating Committee, other nominations may be made by petition of 
50 signatures of members of the Society in good standing. Each nominee 
must have indicated his willingness to serve if elected before his name 
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can be placed on the ballot. In February or March ballots giving the 
names of all candidates will be provided. Ballots received by the Secre- 
tary by March 31 shall determine the election of the officers as of April 1. 
Their terms of office shall begin ten days after the date of the annual 
meeting. 


Article Xl—Dues 


Section 1. There shall be no admission fee. 

Section 2. The annual dues shall be as stated in the By-laws of the 
Society, and any change in the dues of individual membership shall be 
determined by letter ballot of such membership. 

Section. 3. A member elected prior to February 1 in any fiscal year 
shall pay the full dues of that year; if elected after February 1, he shall 
pay half the dues of that year. 

Section 4. Dues are payable in advance at the beginning of each 
fiscal year and shall be considered in arrears if not paid by the end of 
the fiscal year for which they are assessed. Dues of new members are 
payable at the time of election and shall be considered in arrears if not 
paid by the end of the fiscal year within which they are elected. 

Section 5. Members in arrears one year shall be retained on the roll 
of the Society. Members who are in arrears two years, and who have 
been duly notified by the secretary shall be dropped from the roll of the 
Society. Anyone who has been dropped from membership for non- | 
payment of dues may renew his membership by applying in the usual | 
way and paying the arrearage in dues for the year during which he! 
received the JouURNAL OF ENGINEERING EDUCATION. 

Section 6. Honorary members shall be exempt from payment of 
dues. | 


Article Xll—Meetings 


There shall be at least one annual meeting at such time and place as 
the Society at the preceding meeting, or the Executive Board, if the So- 
ciety does not act, may determine. The Executive Board shall authorize 
the time and place of meetings held under the auspices of Divisions and 
Committees excepting those held at national conventions of the Society. 


Article Xill—Publications 


Section 1. The Executive Board shall authorize all official publica- 
tions of the Society and shall also prescribe the rights of the several 
grades of members in connection with these publications. 

Section 2. Papers and discussions presented before Sectional, 
Branch, Divisional, and Annual meetings or submitted in contests in 
Section, Branches, Divisions, and the Society at large shall be the prop- 
erty of the Society and may be published as Society proceedings if 
authorized by the Publications Committee. The Secretary shall have 
authority to waive property rights of the Society or to grant permission to 
publish such papers and discussions elsewhere on condition that the 
Society receives proper credit. 
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Article X1V—Amendments 


This constitution may be amended by a favorable vote of the in- 
dividual members of the Society, the proposed amendment being ap- 
proved if at least two-thirds of the ballots returned within thirty (30) 
days after they are mailed out are favorable; and provided further (a) 
that the proposed amendment has first been voted upon by each of the 
three Councils of the Society and (b) that the results of such votes be 
recorded in the notice sent out to the membership with the ballots. 


BY--LAWS OF THE SOCIETY 


First. The Executive Board shall arrange for the annual meeting 
and prepare a program for it. 

Second. Each Vice President shall submit a proposed budget for the 
activities for which he is responsible, to the Executive Board through the 
Secretary, who shall incorporate it with the General Budget so that the 
total proposed budget may be submitted to the Executive Board before 
May l. 

Third. Disbursements from the funds of the Society shall be made 
by the Treasurer in accordance with the approved budget or a direct 
appropriation authorized by the Executive Board for a special purpose, 
and upon vouchers signed by the Secretary of the Society. 

Fourth. Within the ceiling limits for dues hereby established, the 
dues of members may be adjusted annually by the General Council at 
the same Council Meeting at which the annual budget is considered. 
The dues shall be so adjusted within the ceiling limits hereby established 
that over a reasonable period of years the Society shall not incur a deficit 
that in the opinion of the General Council might endanger continuity 
of operations. 

The ceiling on dues shall be $7.00 per year for those who have not 
reached their 36th birthday at the beginning of the fiscal year (July 1) 
and $10.00 per year for all other individual members. Except for the 
first year after the adoption of this By-Law, the increase in dues approved 
at any one time shall not exceed $1.00 for individual members. 

During the first year after adoption of this By-Law, the dues for 
individual members will be $6.00 for members who have not reached 
their 36th birthday by July 1, 1954, and $8.00 for all other members. 

The annual dues of institutional members will be as follows: 


1. Active Members 
a. Participating in both Institutional Councils, $50.00. 
b. participating in only one Institutional Council, $35.00 
2. Associate Members, $50.00 
3. Affiliate Members, $25.00 


Fifth. The fiscal year of the Society shall be July 1 to June 30. 

Sixth. The Secretary of the Society shall be secretary of the Execu- 
tive Board. 

Seventh. Committees reporting to either Institutional Council shall 
be authorized by the Executive Committee concerned and be appointed 
by the Vice President concerned. Committees of Sections, Branches, or 
Divisions shall be authorized by the body concerned and be appointed by 
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the chairman of the body concerned. The ASEE Awards Committees 
(both for specific Society prizes and for coordination of award activities) , 
the Membership Committees, the Financial Policy Committee, the Pub- 
lications Committee, the Public Relations Committee, the Annual Meet- 
ing Committee, and the Constitution and By-Laws Committee are ap-| pocionates 
pointed by the President and are responsible to the Executive Board. | 4 whom 
Other standing committees and committees for special projects authorized | standing 
by the Executive Board and General Council shall be appointed by the | committees 
President with staff responsibility designated to the appropriate Vice | are 
President. responsible. 
Eighth. There shall be a Publication Committee consisting of the | provides for 
President, the junior Past President, the Editor (appointed by the Execu- | Fditor and 
tive Board), the Chairman of the English Division (ex-officio), the | broadens 
Secretaries of Engineering College Administrative Council and Engineer- | representa- 
ing College Research Council, and the Secretary of the Society, who | tion on Pub- 
shall be chairman. It shall be responsible to the Executive Board for | /ications 
the general administration of all official publications of the Society. | Committee. 
The Editor shall be in direct charge of the JouRNAL OF ENGINEERING 
Epucation. Publications authorized by the Engineering College Re- 
search Council and the Engineering College Administrative Council shall 
be edited and published in accordance with plans of procedure recom- 
mended by these respective Councils and approved by the Executive 
Board. 
The selling price of all publications shall be determined by the Execu- 
tive Board on recommendation of the Publications Committee. 
All income from publications shall be classified as income of the 
Society applicable to the annual budget of the Society. Establishes 
Ninth. The Awards Policy Committee is responsible for establishing | policy 
and coordinating policy, including procedures for presentations, with | committee 
respect to awards presented in the name of the society or a constituent |f°7 | 
part of the society. oo 
Tenth. These By-laws, excepting as they relate to dues of individual ef ar v 
members, may be amended by a two-thirds vote of the members present ” 
at any regular meeting of the Society, provided that all individual and 
institutional members have been notified of the proposed amendment by 
notices published in the JourNAL at least thirty (30) days prior to the 
said regular meeting at which action is to be taken, and provided fur- 
ther that the proposed amendment has first been voted upon by the 
General Council and the results of such vote recorded in the notice sent 
out for the meeting at which the proposed amendment is to be acted 
upon. 
The dues of individual members may be changed only by a majority 
vote received by letter ballot of individual members. 
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EMPATHY AND ENTROPY (Continued from page 661) 


ergy) at the expense of discipline, 
meaning, or signal, and effective pro- 
duction of intelligence, we will realize 
that an empathetic approach to the 
communication or teaching problem 
will anticipate and provide for redun- 
dancy, repetition, and restatement of 
the message in different terms until 
compatibility has been established 
with the receiver and the unexpected- 
ness-shock of the message has been 
overcome. 

The teacher, of course, must use all 
of Warren Weaver's levels of com- 
munication, especially his last, the 
highest and most complex one. The 
technical worker in the electronics, 
computer, or automation fields eases 
his problem by saying that he is sim- 
ply not interested in meaning (though 
somebody who programs the opera- 
tion must finally be!). The teacher, 
however, must not only be concerned 
with accurate and effective control 
(as for an automated machine tool) 
in the transmission of information, 
but must also operate at much higher 
levels in terms of attitudes, motiva- 
tion, ethics, creative thought, efficient 
planning, and constructive, profes- 
sional undertaking of individual re- 
sponsibility. 

In these latter areas empathy be- 
comes the final and significant term, 


as it triumphs over the negative en- 
tropy. There is, then, no more im- 
portant attribute for a teacher, young 
or old, to develop than the ability to 
understand and appreciate instinc- 
tively and constantly how his students 
think and feel. This does not mean 
that he should yield to their weak- 
nesses; certainly it does mean that he 
should not use his comprehension to 
mislead or to take advantage of them. 
That is the measure of his true em- 
pathy, to participate only for the pur- 
pose of ennobling and assisting. Like 
Mark Hopkins, he must so conduct 
himself as a teacher not only so that 
the student’s hero-worship is justified, 
but so that the student can rise above 
mere admiration to creative achieve- 
ments of his own! 

In thus creating by a combination 
of empathy and scientific knowledge 
the means both of continuing and 
transmitting knowledge, and of over- 
coming the inherent tendencies to 
confusion and wastage, the teacher 
is realizing his proper function. Per- 
haps we can now add a term to Edd- 
ington’s group, placing empathy above 
but in illuminating relation to entropy. 
At any rate, I leave you to further ex- 
ploration of this fascinating field, with 
all its implications for success in one 
of the most rewarding of careers! 
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NEW MEMBERS (Continued from page 700. ) 


Rostron, CHARLES R., Assistant Profes- 
sor of Civil Engineering, Louisiana 
Polytechnic Institute, Ruston. J. 
Painter, A. C. Thigpen. 


SHiveE, Joun N., Department of Educa- 
cation and Training, Bell Telephone 
Laboratories, Inc., Murray Hill, New 
Jersey. S. B. Ingram, R. A. Deller. 

SLIEPCEVICH, CEDOMIR M., Professor and 
Chairman of Chemical Engineering, 
University of Oklahoma, Norman. R. 
L. Huntington, W. H. Carson. Divi- 
sional Interest: Associate Dean, Chem- 
ical Engineering. 

SmitH, WesLEY W., Associate Professor 
of Mechanical Engineering, Oregon 
State College, Corvallis. J. L. Gray, 
P. A. Wanless. 

TRAMMELL, Guy R., Head of Electrical 
Department, Tuskegee Institute, Tus- 


kegee, Alabama. J. D. Davis, Jr., 
William Allan. 

Utprickx, Jonn P., Instructor in Engi- 
neering, Clemson College, Clemson, 
South Carolina. J. C. Cook, Jr., J. 
L. Edwards. 

Witcox, L. R., Associate Professor of 
Mathematics, Illinois Institute of Tech- 
nology, Chicago, Illinois. H. Rein- 
gold, R. G. Owens. Divisional Inter- 
est: Electrical Engineering, Mathe- 
matics. 

Witson, Cuarues E., Jr., Assistant In- 
structor in Mechanical Engineering, 
Newark College of Engineering, New- 
ark, New Jersey. G. B. Thom, J. H. 
Weinstein. 

149 new members 


485 previously added 


634 new members 





THE SCIENCE OF ENGINEERING MATERIALS 





“The Impact of Solid State Science on Engineering Materials” 
was the subject of two conferences sponsored by ASEE in the spring 
of 1954, in cooperation with the National Science Foundation, the 
University of Illinois, and the Carnegie Institute of Technology. 
The closed conference at Illinois recommended that engineering 
curricula include formal course work in modern physics and the 
theory of the solid state, and planned the open conference program 
at Carnegie. 

The papers presented at Carnegie have been edited by Dr. J. E. 
Goldman, Manager of the Physics Department of the Scientific 
Laboratory of the Ford Motor Company and formerly with the 
Carnegie Institute of Technology. The proceedings are now being 
published as a book, The Science of Engineering Materials. Con- 
taining about 540 pages and 240 illustrations, the volume will be 
ready in May at an estimated price of about $9.75. All orders 
should be sent directly to John Wiley and Sons, Inc., the publishers. 
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